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Second Annual General Meeting. 


The Second Annual General Meeting of the National Institute of Sciences 
of India was held at 3 p.m. on Tuesday the 5th January, 1937 in the Address 
Hall of the Osmania University, Hyderabad, Deccan. 

The following Fellows were present : — 


Brigaaier H. J. Couebman, PrcBvUni (in the chair). 
Prof. B. Sahiii, Vtce-Pi’esident. 

Dr. S. L. Hora, Honomr^f Ttma^irer. 

Prof. M. N. Saiia, Forei<fn tSteorelary, 

Prof. 8. P. Agharkar, Honorary SeoteUiry, 


Mr. T. P. Bhaskara Shastri. 

Prof. S. N. Bose. 

Prof, W. Burridge* 

Mr. H. G. Champiou. 

Prof. S. Datta. 

Khan Bahadur M. Afzal Husain. 

Prof. K. 8. Krishnon. 

Prof, J. N. Mukherjee, 

Prof. K. G. Naik. 

Prof. P. Neogi. 

Dr. H. 8. Pruthi. 

Mr. W. 


Prof. M. Quroshi. 

Dr. B. Sundara Raj. 

Dr. K, R. Ramanathan, 

Dr. li, A. RamcJfUJ. 

Rao Bahadur G. N. Kangaswami Ayyangar. 
Mr. P. R. Ray. 

Prof. V, Submlimanyari. 

Rao Bahadur T. 8. Tirumurti. 

Rao Bahadur T. 8. Vonkataraman. 

Rao Bahadur B, Viswa Nath. 

Mr. D. N. Wadia. 

D. West. 


The meeting was also attended by 61 visitors. 

1. The minutes of the Fourth Ordinary General Meeting were read and 
confirmed. 

2. The President appointed Dr. S. Datta and Dr. B. Sundara Raj to 
act as scrutineers of the ballot papers received for the election of officers and 
other members of the Council for the year 1937, 

3. The following Ordinary Fellow was admitted as a Fellow as f)er Rule 13. 

Prof. P. Neogi. 

4. Prof. K. G. Naik, Rao Bahadur T. S. Venkataraman and Rao Bahadur 
B. Viswa Nath signed the duplicate obligation form as per Rule 13. 

6* The Annual Report prepared by the Council was adopted (see pp. 3-20). 

6. The President delivered his annual address, the subject being 
* Progress of Geodesy in India * (see pp. 21-28). 

7. The following were declared to have been elected officers and other 
members of the Council for the year 1937. 

PreMmU j Prof. M. N. 8aha. Foreign Sm^etary x Prof. B. Sshni . 

8. S. Bhetnagor 8ecrefe»*i««; Prof. B. P. Agharkar and Dr. 
4 N^Chopra* A. M. Heron. 
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Members of Council : Mr. T. P. Bhoakara Shastri, Dr. G. S. Bose* Sir Bryce C, Burt, 
Prof. J. 0. Ghosh, Dr. P. H. Gravely, Klmn Bahadur M. Afzal Husain, Prof, 
K. 8. Krishmin, Dr. R. B. Lai, Prof. 8. K. Mitra, Prof. J. N. Mukherjee, Dr. C. W. B. 
Normand, Dr. Buini Prashad, Prof. N, R. Sen, Lt.*Cal. S. S. Sokhoy, Col. J, 
Taylor, Mr. C. G. Trevor, Prof. B. Venkatosswjhar, Mr. F. Ware. 

8. The following papers wore read : — 

(1) Correlation between the disposition of the liver and the kidney 

and the form of the air-bladder in certain Siluroid Fishes of 
India. By Dr. S. L. Hora. 

(2) The prol)lem of h samples for Poisson Population. By Dr. P. V. 

8ukhatme. (Communicated by Prof. P. C. Mahalauobis). 

(3) Biochemistry of Sonti Fermentation. By Mr. K. Rami Keddi and 

Prof. V. Subrahmanyan. 

(4) Chemical examination of the seeds of Clex)me penfnphylkt Linn. 

By Mr. R. N. Misra and Dr. S. Dutt. 

(5) On the electron affinity of Chlorine. By Prof. M. N. Saha and 

Mi*, a. N. Tandon. 

(6) Reflections from the Ionosphere. By Mr. R. N. Rai. (Com- 

municated by Prof. M. N. Saha). 

(7) The effect of the inteixsity of sound on the sound absorption co- 

efficient of different materials. By Mr. Hasd Gulam Mohamed- 
(Communicated by Prof. M. N. Saha). 

9. A vote of thanks was passed to the out-going President for his 
activities in the cause of the Institute. 



ANNUAL REPORT, 


The CJouncil of the National Institute of Sciences of India have pleasure in 
submitting the following report on the general concerns of the Institute for 
the year 1936, as required by the provisions of rule 48 (/). 

Memb&rahip, 

The number of Fellows on the roll of the Institute at the beginning of 
the year was 145 Ordinary Fellows and 7 Honorary Fellows. Eleven Ordinary 
and four Honorary Fellows were elected during the year in accordance with 
the procedure laid down in the Regulations. The Institute lost 5 Fellows 
by death and 6 by resignation. One Ordinary Fellow who was elected in 
October, 1935, did not complete the formalities and was therefore not admitted. 
The total number of Fellows on the roll at the end of the year is 144 Ordinary 
and 11 Honorary Fellows. 

Accommx)d(Uion. 

The need for more accommodation for the offices of the Institute is already 
being felt and it may be necessary in the near future to approach the Royal 
Asiatic Society of Bengal, who have very kindly accommodated the Institute 
in their premises, for an additional room. 

MeeUngs, 

The First Annual General Meeting was held at the Daly College, Indore, 
on the 4th January, 1936. An account of the meeting was published in the 
Pfoceodinga, Voi. U, pp. 1-2. 

Two Ordinary General Meetings were held during the year, one on the 
19th July, 1936, at Simla and the other at Calcutta on the 29th and 30th August, 
1936. Accounts of these meetings will be found in the Proceedings, Vol. 11, 
pp. 101-102 and pp. 155-157. Some of the papers road at these meetings 
have been published in the Proceedings, one is in course of publication in the 
Transacitians, while others are awaiting publication in due course. 

At the Ordinary General Meeting on the 29th and 30th August, 1936, a 
Symposium on the * Problem of Nitrogen Supply to the Indian Soil ’ was held. 
The papers submitted for this Symposium are being printed in the Proceedings. 

TheOomciL 

At the First Annual General Meeting held on the 4th January, 1936, the 
officers and mmubers of Council were elected. Together with the representa- 
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tivoB of the oo-operating Academies and the Indian Science Congress Association 
the Council was constituted as follows : — 

, » Sir L. h. Former. 

Brigadier H. J. Couohman. 

Prof. B. Sahni. 

. . Dr. S. L. Hora. 

. . Prof. M. N. Saha. 

. , Prof. S. P. Agharkar. 

Dr. A. M. Heron. 

Mr. T. P. BhaHkara Shastri. 

Prof S. S, Bhatnagar. 

Sir Bryoo Hurt. 

Prof. J. C. Giiosh. 

Dr. F. H. Gravely. 

Khan Bahadur M. Afml Husain. 

Bt.-Col. H. Krjowles. 

Prof. K. S. Krishna!), 
l^rof. S. K. Mitra. 

Prof. J. N. Mukherjee. 

Dr, C. W. B. Nomiand. 

Dr. Baini Prashad, 

Prof. N. R. Son. 

Lt.-Col. J. A. Sititon. 

Lt.<Jol. S. S. Sokhoy. 

Mr. C. G. Trevor. 

Prof, B. Venkat-essMihar. 

Mr. F. Ware. 

Representatives of the Boi/al Asiatic Society of Bengal 
Additional Vice-Prosideut : Lt.-Col. H. N* Chopra. 

Additional Member of Council : Mr. C. 0. Colder. 

RepresenkiHms of the NcUional Academy of Sciences^ India : — - 
Additional Viee-ProHident : Prof. K. N. Bahl. 

Additional Memlxsr of Council : Prof. A. C. Banerji. 

Representativefi of the Indian Academy of Scicnccit .‘--> 

Additional Vice-President : Prof. B. K. Singli. 

Additional Member of Council : Dr. K. V, Krishnat), 

Representatives of (he Indian yScience Congress Association 
Additional Vice-Preaklont : Sir U. N. Brahmochari. 

Additional Member of Council : Mr. W. D. West. 

The following changes in the Council took place during the year : — 

On liis retirement from India Sir I^owis Formor resigned the office of 
President from the Ist April, 1930. As per provisions of Rule 44 Brigadier 
H. J. Couchman was appointed hy the Council to be the President for the 
remaining period. The C/onmnl also appointed Sir Lewis Fermor to the vacant 
office of Vioe-Presidont. These appointments were confirmed by the Ordinary 
(general Meeting of the Institute held at Simla on the 19th July, 1936. 

At the mooting of the (kmnoil hold on the 29th August, 1936, the President 
nominated Dr. Baini Prashad, as per Rule 47, to act as Secretary during 
the absence on leave out of India of Dr. A. M. Heron* 

The Council appointed Dr. R. B. Lai to be a member of Council in place 
of Lt.-Col. R. Knowles deceased. This appointment was confirmed by the 
Ordinary Qeneral Meeting held on the 29th Atigust^ 1936. 


PremdetU . . 

V ice- Presidents 

Treasnrer , , 
Foreign SeoreMiry 
Secrelaries 

Member H of Council 
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The Council held eleven meetings during the year. Two important items 
taken up by the Council and represented to the Government of India were : — 

(1) The appointment of the Assistant for India at the Botanical 

Gardens. 

(2) The method of fixing the contribution paid by countries adhering 

to the International Scientific Unions affiliated to the Inter- 
national Research Coimoil. 

Tile Council resolved, at its meeting held on the 8th October, 1936, 
to add the following additional regulation (4A) to the Regulations for the 
election of Ordinary Fellows 

‘ The recommendations of the Sectional Committeejs shall be circulated 
to all members of Council at least 4 weeks before the date of the 
Ordinary General Meeting of the Institute to be held during the 
monsoon, and opinions invited from members so as to reach the 
Secretary at least 3 days before tlie date of the meeting of the 
Council.* 

Sectimal Commitkes, 

The following changes were made in the personnel of the different 
(committees during the year ; — 

Physics . . Prof. B. Venkate.sachar in place of Sir C. V, 

Raman. (4-1-36.) 

Prof. D. M. Bose in place of Prof, 8. K. Mitra 
as Secretary and Convener. (4-1-36.) 

Physiology . . Prof. N. N, Sengupta in place of Lt.-Col. 

0, Berkeley-Hill. (4-2-36.) 

Lt.-Col. R. N. Chopra as Secretary in place of 
Lt.-Col. R. Knowles deceased. (29-8-36.) 

Prof. W. Burndge in place of Lt.-Col. A. D. 
Stewart. (4-2-36.) 

Df. R* B. Lai in place of Lt.-Col. II. Knowles 
deceased. (21-8-36.) 

Enginmring . . Principal F. N. Mowdawalla as Secretary 

during the absence of Dr. E. Spencer on 
leave, (19-7-36.) 

Gsology . . Mr, P. Evans in place of Prof. K, K. Mathur 

deceased. (29-8-36.) 

Botany . . Dr. W. Burns in place of Dr, F, J. F. Shaw 

deceased. (8-10-36,) 

Addiiicml OommiUees. 

The following additional Committees were appointed during the year : — 

A PubKoatlon Committee for 1936 oonBisting of the President, the 
Honorary Tr^surer, the the Editor of Publications. 
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A 8ub- committee consisting of the Editor, Prof. J. N. Mukherjee and 
Prof. S. P. Agiiarkar to make (joncrete proposals for the distribution of the 
Institute’s publicationB. 

A (Committee consisting of Dr. C. W. B. Normand, Prof. P. N. Ghosh 
and Prof. 8. P. Agharkar to consider technical details in connection with 
the co-ordination of the investigations on Katural Illumination carried out by 
the various Universities in India, which the Institute had agreed to do at 
the request of the Government of India. Dr. 8. K. Banerji was later 
appointed to this Committee during Dr. Normand’s abseniie on leave. 

PublirMione. 

Four numbers of the Procmdings and three numbers of the Trmisactims 
have betm published since the last annual report, and copies have been cir- 
culated to Fellows. The Council resolved at its meeting held on the 4th 
February, 1936, that a new volume of the Proceedings be started each year 
and that each volume of the Trmmiclions should be close<l when a sufficient 
number of pages had been printed. 

The lirst numln^r of Indian t^cience Absira<*is for the year 1935 has also 
been published. It bos been decided to include in this publication, abstracts 
of (1) all papers published in India and (2) all paj^ers published abroad on 
work done in India or based on Indian material. 

The completion of the first volume of this journal during 1937 will be 
followed by the publication of the Annual Review of the Progress of Science 
in India and thus complete the Institute’s programme of publications. 

Exdianges. 

Seventy Societies and Institutions are now receiving the Institute’s 
publications as presentations or in exchange. It is proposed to arrange for 
wider distribution of the publications of the Institute during the coming 
year. 

Library. 

Two hundred and fifty -eight books and periodicals were added to the 
library during the year, the greater number in exchange and a few as pre- 
sentations. 

Presents ami Donations. 

The following donations have been received during the year to the general 
funds of the Institute : — 

(1) lls,2,000 from His Highness the Maharaja Holkar of Indore. 

(2) Iis.5,000 from Messrs, the Tata Iron and Steel Co., Ltd, 

(3) R8.2,000 from Dr. S. C. Law, * 
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An audited statement of accounts of the National Institute for the period 
from the lat of December, 1936 to 30th of November, 1936 is submitted. 
The total receipts for this period amount to R8.60»326-13-3 and the payments 
including purchase price of securities 118.43,66340-4, leaving a balance of 
Rs.6,673-24L 

The following (Government Securities have been purchased for the Institute 
during the year : — 

3^%G.P. Notes .. .. .. Rs.lO, 000 (face value). 

Rules. 

The revised rules of the Institute incorporating the cjhanges adopted at 
the last Amiual General Meeting together with the Regulations for the 
election of Ordinary and Honorary Fellows and Sectional Committees wore 
printed and copies have been forwarded to Fellows. 



APPENDIX I 


LIST OF FELLOWS. 

OHMNAKV FELLOWS. 


ABRAifA^r, W. PI V.. A.li.C.S. (I.), PIG.S., M.Inst.F.T., Senior Geologist, Burmah Oil 
Co., Ltd., Burma, Khodaung, Magwe, Burma. (1936). 

AoHAtucAa, S. P., M.A., Pli.'D,, PIL.S.. Ghose Professor of Botany, Calcutta University, 
Calcutta. 

Ahmad, Nazih, M.Sc., Ph.B., Director, Indian Central Cotton Commit tee’s Technological 
Laboratory, Matunga, Bombay. 

Ajrkkar, S. L., B.A., I.E.S., Professor of Botany, Gujorat College, Abmedabad. 

AkatsToabao, K., M.A., I.E.S., Professor of Mathematics, Presidency College, Madius. 

Ash, W. C., B.So., M.I.C.E.. A.M.I.Mooh.E., Bengal Club, Calcutta. 

AwATt, P. R., B.A.. D.I.C., T.E.S., Professor of Zoology, Royal Institul« of Science, 
Mayo Road, Bombay 1. 

Baoohbic, K. D., D.So., D.I.C., Mycsologist, Imperial Poorest Research Institute, Dohra 
Dim, U.P. 

Bakd, K. N., D.So., D.Phil., Profossor of Zoology, Lucknow University, Lucknow. 

BAiiEii.Ji, A. C., M.Sc., M.A,, PIR.A.S., I.E.S.. Profe»(M>r of Mathematics, Allahabad 
University, Allahabad. 

Banjsbji, S. K., D.So., Meteorologist, Meteorological Poona 5. 

Bbksoh, C. F. C., D.Sc., Forest Entomologist, Imperial Institute of Poorest Research, 
Dehra Dun, U.P. 

Bhaskara Shastri, T. P., M.A,, P’.R.A.S., Director, Nizainia Observatory, Hyderabad 
(Deccan). 

Bkainaqae, S. S., O.B.E., D.Sc., University Professor of Chemistry, and Director, 
University Chemical Laboratories, Lahore. 

BHATTAOHA»yA, D- R., M.Sc., Ph.D., Dr. Sciences (Paris), Professor of Zoology, 
Allahabad University, 7, Malaviya Road, Allahabad. 

Bomi'OKd, Major Guy, H.E., Surwy of India, Dehra Dun. (1935). 

Bosh, D. M.. M.A., B.Sc„ Ph.D., Palit Professor of Physics, Calcutta University, 92, Upper 
Circular Road, Calcutta. 

Bohk, G. S., D.Sc., M.B., Head of the Department of Experimental Psychology, Calcutta 
University, 92, Upper Cinnilar Rood, Oaloutia. 

Bobjc, Sir -T. C., Kt.. C.S.I., C.I.E., M.A., D.Sc., F.R.A.S.B,, K.R.S., Director, Bose 
Research In9titut<% 93, Upper Circular Road, Calcutta. 

Bosb!, S. N., M.Sc., Professor of Physics, Dacca University, Dacca. 

Bos®, S. R., H.A,, Ph.D., P\R.S,E., Professor of Botany, Oarmiohaol Medical Collage, 
Calcutta. (1935). 

Bbakmachari, Sir U. N., Kt.. Rai Bahadur, M.A., M.D., Ph.D., F.R.A.S.B., 

Physician, Medical College Hospitals, Calcutta (Retired), 82-3, Cornwallis Street, 
Calcutta. 

Bitbns, W., D.Sc,, I.A.S., Offg. Agricultural Export, Imperial Council of Agricultural 
Research, New Delhi. (1935). 

BtTRHiDa®. W., D.M,, M.A. (Oxou), Professor of Physiology, Luokiiow University, Luoknow. 

Bitbt, Sir B. C„ Kt,. C.l.E., B.Sc., I.A.S., Offg. Vio6*Chairman, Imperial Council 

of Agricultural Research, New Dellu. 

Calphb, C. C., B.Sc. (Agr.), P.L.S., Director, Botanical Survey of India, and Superintendent, 
Royal Botanic Gardens, Sibpur, Howrah. 

Chakra vABTr, S. N., M.So., D.Phil., F.O.S., Ohemioal Examiner to the Gk)Vomtnient of 
U.P. and C.P., Agra. (1985), 
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Ohamfxon, H. G., M.A., Deputy Conservator of Forests, Haldwani Forest Division, 
We^m Circle, Dnited Provinces. 

CHATTBaJEBi. G., M.So., Meteorologist-in-Charge, Upper Air Observatory, Agra* (1085). ■ 

CttAiTPHtTBi, H., M.8c!., Ph.D., D.I.C., Reader and Head of the Botany Department, 
Puujob University, Lahore, 

CHOPttA, B. N., D.Sc., F.L.S., Assistant Suporintendent, Zoological Survey of India, 
Indian Museum, Calcutta. (1935). 

OHornA, Bi'ovet-Col. R. N., O.I.E.. M.D., M.R.C.P., F.R.A.S.B., Director, School 

of Tropical Medicine, Calcutta. 

ChOwi-a, S., M.A., Ph.D., Professor of MatViorn at ics. Government fJollego, Lahore. 

CouoHMAN, Brigadier H, ,T., D.8.O., M.C., Surveyor-General of India, Calcutta. 

CouLSON, A. L.. D.Sc., D.I.C., F.G.S.. Suporintendont, Geologiotvl Survey of Imlia, 
Indian Museum, Calcutta. (1935). 

Dastur, R. H,, M.Sc., Cotton Physiologist, Agrioidtural (IJoUege, Lyallpur, Punjab. 

Datta. S., M.So., D.Sc., D.T.C., Professor of Physics, Presidency College, Calcutta. 
(1036). 

Dky, B. B., D.Sc., F.T.O., I.E.S., Professor of Chemistry, Presidenoy College, Madras. 

Dhar, N. R., D.Sc., F.I.C., I.K.S., University Professor of Chemistry, Allahabad University, 
Allahabad. 

Dunk, A., D.Sc,, D.I.C., F.G.S., Ajssistant Superiiiteudont, Geological Survey of India, 
Indian Museum, Calcutta. (1935). 

DuNKioniFF, H. B., M.A., Sc.D., F.LC., I.E.8., University Professor of Inorganic Chemistry, 
Government College, Lahore. 

Dtnrr, S. B., D.Sc,, Reader in Organic Chemistry, Allahabad University, Allahabad. 
(1036). 

Evans, P., B.A., F.Q.S., Geologist, The Burmah Oil Company, Ltd., P O. Digboi, Assam, 

Fermor, Sir L. L., Kt„ O.B.E., D.Sc., A.R.S.M., M.Inst.M.M., F.G.S., F.R.A.S.B., F.R.S., 
Lato Director, Geological Survey of India. C/o Standard Bank of South Africa, 
Cape Town. 

Forster, Sir M. O., Kt., D.Sc., Ph.D., F.R.S. , Old Banni Mantap, Mysore City. 

Fowler, Gilbert J., D.Sc., F.T.C., Owisultihg Chemist, Central Hotel, Barjgalore, 

Fox, C. S„ D.Sc., M.T.Min.E., Superintendent, Geological Survey of India, Calcutta. 

Gee, E. R., H.A., F.G.S., Assistant Superintendent, Geological Survey of India, Indian 
' Museum, Calcutta. (1936), 

Ghosk, S, L., M.Sc., Ph.D., professor of Botany, Govorrirnent Oollogo, Lahore. 

Gbosh, J., M.A., Ph.D., Professor of Matlmmaticn, Preaidemey College, Calcutta. (1036). 

Ghosh, J . C., D.Sc., ProfesHor and Head of the Department of Chemistry, Dacca University, 
Daooa. 

Ghosh, P. N., M.A., Ph.D., So.D. (Hon.), F.Irwt.P., Ghoao Professor of Applied Physics, 
Calcutta University, 02, UpjKw Cii*cular Road, Calcutta. 

GLBNNtB, Lt.-Col. E. A., D.S’,0., R.R., Survey of India, Dehra Dun. 

Gravely, F. H., D.So., B'.R.A.S.B., SufXJrintendont, Government Musoum, Museum 
House, Egmore, Madras. 

GtTHA, B. S., M.A., Ph.D., Assistant Sup«^rintond(>nt, Zoological Survey of Imlia, Indian 
Museum, Calcutta. 

Guha, P, C., D.So., Aoting Professor of Organic Chemistry, Indian Institute of Science, 
Bangalore. (1936). 

Haddow, R., B.Se., M.R.C.V.S., D.V.S.M., Veterinary Research OfiOk^dii-charge of 
Serology, Imperial Veterinary Rosearoh Institute, Muktesar-Kumaun, U.P, 

Hbbon, a. M., D.So., F.G.S., F.H.G.S., P.R.S.E., F.R.A.S.B,, Director, Geological Survey 
of India, Indian Musoum, Calcutta. 

Hoba, S, L., D.Sc., F.R.S.K., F.L.8.t F.Z.S., F.R.A,S.B., Asst* Superintondent, Zoological 
Survey of India, Indian Museum, Calcutta. 

HtTOAXK, M. Khan Bahadur, M.A., M.So., Principal, Punjab Agriculturia 

College, Dy^pur, Punjab. 

Hwreoir, J. H., d.IJ!., M.A., D.Se., F.B.A.8,B., I.C.8. (Batd ), Univeraity MuMum of 
ArchRtology and Ethnology, Cambridge. 
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IvBKOAA, M. O. P., M.Am Ph.D*, FX.S., University Professor of Botany, Madras University, 
Madras. 

lYKTEt, L. K. Anaiithakrishna, Dewan Bahadur, B.A., L.T., M.l>. (Hon.) Bres., Offioer-in- 
charge of Ethnographic Survey, Mysore, Lakshminarayonapuram, P.O. Kalpathi, 
Palghat. S.I. 

Kai*i;b, S. N., Ph.D,, Imperial Forest Kosoarch Institute, Dehra Dun. 

KiOHiiU, P. K., U.So., Professor of Physios, Government College, Lahore. (1935.), 

KobhY, P. K., F.U.C.P., Professor of Anatomy, Medical College, Madras. 

KoTHAnt, D. S., M.Sc., Ph.U., Hoafier and Head of the Physios Papartmeat, Delhi 
University, (1936). 

Kbishna, S., Ph.D„ D.Sc., F.I.C., Foi*ost Biochemist, Imperial Forest Research Institute, 
Dohra Dun (U.P.). 

Kbishkan, K. S., D.Sc., Mohendra Lai Sircar Professor of Physics, Indian Association for 
the Cultivation of Science, 210, Bow Bazar Street, Calcutta. 

Kbiskitax, K. V., M.B.B.S., L.R.C.P., D.B., D.Sc., Bacteriological .Research OflEioer, 
Sc^hool of Ti-opical Medlcifie, Calcutt>a. 

Krishnax, M. S.. Ph.D., D.I.C., Assistant Superintendent, Geological Survey of India, 
Indian Museum, Calcutta. (1935), 

Lai., R. B., M.B.B.S.. D.P.H., D.T.M. & H., D.B., Offg. Director, AlMndia Institute of 
Hygiene & Public Health, Calcutta. (1935). 

Law, S. C., M.A., B.L., Ph.D., M.B.O.U., 50, Kailas Bose Street, Calcutta. (1936). 

MaoMahox, P. S,, M.So., B.So. (Oxon), F.I.C., I.E.S., Professor of Chemistry, Lucknow 
University, Lucknow. 

MahaJANI, G. S., MJV., Ph.D., Principal and Professor of Mathematics, Fergusson College, 
Poona 4. 

MAHAi4AX0BtB, P, C., M.A., B.Sc., I.E.S., Professor of Physics, Presidency College, Calcutta. 

Mahbbwabi, P„ D.Sc., Associate Professor of Botany, Agra College, Agra. (1935). 

Mattkat, George, M.A., Sc.D., F.L.S., F.Z.S., F.R.S.E., Professor of Zoology, Govefiiment 
(Allege, Lahore. 

Mehra, H. R., M.So., Ph.D., Reauler in Zoology, Allahabad University, Allahabad. 

Mkhta, K. C., M.So., Ph.D., Professor of Botany, Agra College, Agra. 

J. P., I.C.S., Deputy Commissioner, Naga HUls, Kohima, Assam. (1936). 

Mitra, S. K., D.So., Ghose Professor of Physics, Caloutta University, 92, Upper Circular 
Rood, Caloutta. 

Mittbib, P. C., M.A., Ph.D., Ghosh Professor of Chemistry, Calcutta University, 92, Upper 
Circular Road, Calcutta. 

Mohakmad, Wall, M.A,, Ph.D., I.E.S., University Professor of Physios, Lucknow University, 
Lucknow. 

Mowdawaixa, F. N., M.A., M.I.E.E., Mem.A.I.B.E., M.I.E., 301, Frere Road, Fort, 
Bombay. 

Mukherjeb, if. K., D.Sc., F.C.S., Khaira Professor of Chemistry, Calcutta University, 92, 
Upper Circular Road, Caloutta. 

Naik, K, G., D.Sc., F.I.C., Professor of Chemistry, Baroda College, Baroda. 

Nabavan, a. L,, M.A., D.Sc., Solar Physios Observatory, Kodaikaoal. 

Nroqi, P., M.A., Ph.D., I.E.S., Senior Professor of Chemistry, Presidency College, Caloutta. 

Nokmaxd, C. W. B., M.A., D.So., Director-General of Observatories, Meteorological Office, 
Poona 5. 

OLVSJii, Col, A., C.B., C.M.G., F.R.O.V.S., Animal Husbandly Expert, Imperial Council 
of Agricultural Research, New Delhi. 

Parakjyyk, R. P., D.So., Vioe-ChanoelloT, Lucknow University, Lucknow, 

Pabzja, P . K., M.A., B.So,, I.E.S,, Professor of Botany, Ravenshaw College, Cuttack. 

PAMaxsox, C, E., Forest Botanist, Forest Researoh Institute, Dehra Dun. (1936). 

Pkeoivai., F . G., Ph.D., F.G.S., Superintendent of Mines and Quarries, Tata Iron St Steel 
Co., Ltd., Jamshedpur. {1936). 
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Phu^pot, H. P., B So. {K^.)» A.M.Inat.C.E., MJ.Mech.K., Principal 

and Jodhpur- Hardinge Profeesor of Toohiiology, Erigitieering College* Hindu 
University* Benares. 

PXNFOLP* E. S., M.A., F.G.8., Goologiat, The Attock Oil Co., Ld., Rawalpindi. 

PuASAO* 13. N., M.Bo., D.So., Ph.O.. Mathematics Department, Allahabad Univeralty, 
Allahabad, (193(1). 

PuAfi»AO* Mata, D.Bc., F.I.C., Professor of Inorganic & Phyaioal Chemistry, Royal Institute 
of SciencMe, Bombay. (1935). 

PRA«HA1>, Baini, D.Sc., F.K.8.E., F.L.S., F.Z.S., F.H.A.S.B., Director, Zoological Survey 
of India, Indian Museum, Calcutta. 

PKtTTHi, H. S., M.Sc., Ph.D., Imperial Entomologist, Imperial Agricultural Research 
Institute, Now Delhi. 

Qxjtkisshi, Muzafaruddin, Ph.D., Professor of Chemistry, Osmania University, Hyderabad 
(Deccan). 

Kaj, B. Sundara, M.A., Ph.D., Director of Fisheries, Chopauk, Maxlros. (1935), 

Hamanathan, K. R., M.A., D.Sc., Moteortdogist, Weather Office, Poona 5. 

Kamdas, L. a., M.A., Ph.D., Agricultural Meteorologist, Meteorological Office, Poona 5, 
(1935). 

Ranoaswami Ayvanoar, G. N., Rao Bahadur, B.A., I.A.S., Millets Specialist, Agricultural 
Research Institute, P.O. Lawley Road, Coimbatore, S.I. 

Kao, B, Kama, M.A,, D.I.C., F.G.S., Director, Geological Survey Department, Mysore 
State, Bangalore. 

Kao, C. V. Hanumantha, M.A., Professor of Mathematics, Punjab University, I^ahoro. 

Ray, B. B., D.S(5., Khaira Professor of Physics, Calcutta University, 92, Upper Circular 
lioad, Cakmtta. (1035). 

Ray, J. N., D.Sn., Ph.D., F.I.C., Professor of Organic Chemistry, University Chemical 
Laboratories, Lahore. (1935). 

Ray, Sic P. C., Kt., M.A., Ph.D., D.Sc., F.R.A.S.B., Palit Professor of Chemistry, Calcutta 
University, 92, Upper Circular Road, Calcutta. 

Ray, P. R„ M.A,, Lecturer in. Chemistry, Calcutta University, 92, Upper Circular Road, 
Calcutta. 

Row, Lt.-Col, R., M.D., D.Sc., I.M.S. (Hon.), 27, Now Marine Lines, Bombay 1, 

Roy, S. C., Rai Bahadur, M.A., B.L., Editor, ‘ Mon in India Ranchi. 

lioYDS, T., D.Sc., Director, Solar Pijysios Observatory, Kodoikanal. 

Saha, M, N., D.Sc., F.R.S., F.R.A.S.B., University Professor of PhysioB, Allahabad 
University, Allahabad. 

Sahni, B„ M.A.. Sc.D., D.Sc., F.G.S., F.R.S., F.R.A.S.B., University Pi^ofessor of Botany, 
Lucknow University, liucknow. 

Sabkar, P. B., Dr. ds Sc., A.I.C., Lecturer in Chemistry, Calcutta University, 92, Upper 
Circular Hoad, Calcutta. (1935). 

SiBif, B. M., M.A., M.So., I.E.S., Principal, Presidency College, Calcutta. 

Srn, H, K., M.A., D.Sc,, D.I.C., Director, Indian Loo Resoarch Ijxstitute, Namkum, Ranchi. 

S»iN, J. M., B.So., M.Ed., F.R.G.S., Assistant Director of Public Instruction, Bengal, 
Calcutta. (1936). 

Skn, N. R., D.Sc., Ph,D., Ghose Professor of Applied Mathematics, Calcutta University, 
92, Upper Circular Road, Calcutta. 

SoHOiTpaJA, N. N,, Ph.D., Professor of Psychology, Lucknow University, Lucknow. 

Smymoto SBWiBix, Lt..C(d. R. B„ C.I.E., M.A., Sc.D., F.R.S., M.R.O.S., L.R.C.P., 
F.2.S.. F.L.S., I,M.S. (Retd.), Zoological Laboratory. Cambridge. (1036). 

Shoiktt, Lt.-Col, H. E., I.M.S., Director, King Institute of Preventive Medicine, Guindy, 
Madras. (1936). 

Sm0H, B, K„ M.A., Sc.D., F.I.C., I.E.S., Professor of Chemistry, Science College, Bankiporo, 
Patna. 

Hvsrxosx, Lt.-Ool. J.A., V.C., O.B.E.,M.D., D.Sc., D.P.H., D.T.M., I.M.S., o/o Lloyds Bank, 
6 Pall Mall, London, S.W. 1. 

SoEBJCT, Lt.-Ool. 's. S., M.A., M.D., D.T.M. A H., I.M.S., Director, Hafifkine Institute, 
Parel, Bombay. 
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Spkncmu, Em D*Scm Ph.D.. F.I.C«, A.R.8.M.. M.I.M.M,. F.G.S.. Ooiwulting Chemist, Bird 
6c Co., Chartyored Bank Buildings, CUve Street, Calcutta, 

SiuvARTAVA, r. I>., M.A.. Header in Mathematics, Allahabad tTniversity, Allahabad. 

(1935). 

SuBitAHWAKVAN, V., D.So., F.I.C., Professor of Biochomiairy, Indian Institute of Science, 
Hi wigalore. 

Tayloh, Col. J., D.S.O.. MJ)., D.P.H., Director, Central Research Institute, 

Kananli (Simla HillH). 

Tikumurti, T. S., Kao Bahadur, H.A.. M.B. & C.M., D.T.M. A H., Pndeasor of Pathology, 
Modii’al tvollego, Vixagapat am. 

Trkvor, Sir C. G., Kt., O.I.E., President, Imperial Forest Kesearoh Institute, Debra Dun. 

Ukil, A. C., M.B., M.S.P.K,. Tnbercndosie Kesearch Ofificer, AlUIndia Institute of Hygiene 
and Public Health, Calcutta. (1035). 

ViiJNiCATAttAAiAK, T. S., Bahadur, B.A., C.T.E,, I.A.S., Imperial Sugar Cone Specialist, 
P.O. I^awley Hoad, Coimbatore^ 

Vknkatbsaokar, B,, Rat) Bahadur, M.A., F.Tnst.P., Professor of Physics, Central College, 
Bat\galore. 

ViJAVAUAOHAVAN, T., Ph.D. (Oxon), Hf»a<,U>r in Mathematics, Dacca Uinvorsity, Kanma, 
Dacca. 

ViBWA Nath, B., Kao Bahadur, F.I.C., Offg. Director, Imj>erial Agricultural Research 
Institute, New Delhi. 

Wauia, D. N., M.A., B.Sc., F.G.S., F.R.G.S., F.R.A.S.B., Assistant Superintendent, 
Geological Survey of India, Indian Museum, Calcutta. 

Waiuc, F., F.R.O.V.S., I.V.S., Director, Imperial Veterinary Research Institute, 
Muktosar-Kumaun, XJ.P. 

Wjsst, W. D., M.A. (Cantab.), Assistant Superintendent, Goologioal Survey of India, 
Calcutta. 

WHidELKR, T. S., Ph.D., F.R.C.Sc.1., F.I.C., F.lnst.P., M.I.Ohom.E,, Principal, Royal 
Institute of Science, Mayo Road, Fort, Bombay 1 . 

WiiAimiT, E. A., C.I.K., A.R.S.M., F.I.C., Metallurgical Inspector, Jamshedpur. 


HONORARY FELLOWS. 

Prof. Niels Bohr, N.L., 15, Blegdamsvej, Copenhagen. 

Prof. F. G, Donnan, F.R.S., Director, Sir William Ramsay Laboratory, University 
College, London. 

pHor. Albert EinsT»m, N.L., Princeton TJniversity, New Jemey, U.S.A. 

Prop. Albert Heim, D.Sc., Zurich, Switzerland. 

Sir Thomas H. Hou.ani>, K.C.S.I., K.C.I.E., D.Sc., F.R.S., Principal of the University of 
Edinburgh. 

Sir FREDEmcK Gowland Hopkins, Kt., M.A., D.Sc., N.L., F.R.S., Sir William Dunn 
ProfosHor of Biochemistry in the University of Cambridge. 

Sir Arthur B, Kbith, M,D., F.R.C.S,, LL.IX, F.R.S., Famborough, Kent. 

Sir Gxty A. K. Marshall, Kt., C.M.G., F.R.S., Director, Imperial Institute of Entomology, 
Loudon. 

Loud RtrruBRPORp or Nelson, O.M., N.L., F.R.S., Cavendish Professor of Phjraics, 
Cambridge University, Cambridge. 

Sib Albert C. Sewabu, D.Sc,, Hon. LL.D., F.R.S., Formerly Master of Downing College 
and Emeritus Professor of Botany in the University of Cambridge, Oambrid^, 
200, Cromwell Road, London, S.W. 5. 

Sib Charles 8. SttERRiKaTOK, O.M., G.B.E., N,L., F.U.S., Broomside, Valley Road, 
ItMiwioh, England. 
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APPENDIX IL 

ABSTRACT PROCEEDINGS OF THE COUNCIL. 1936. 

[None.— These abstracts of tlie procaodirigs of the Oouiioil relate to questions dealt 

witli which are likely to he of interest to Felloww. Houtine matters and matters 

which ore under consideration are not included.] 

1, The Council addressed the Government of India mgarding India’s participation 
in the scheme of Oversea’s scholarships established by the Commissioners for the 1851 
Exhibition. (No. 6—1342.36,) 

(JVoie ; — A reply was received from the Government of India to say that the Government 
have already apprised the Secretary of State of India’s claim to participation in these 
scholarships. Both he and tlie Coramissionera of the Exiiibition are sympathetic and it is 
hoped that something may be done to satisfy Indian aspirations in the not distant futuie. 

It has now been announced that one scholarship of the value of £250*^300 p.a. has 
been sanctioned for India.) 

2, The Council addressed tlie Government of India regarding the method of appoint* 
meat of the Assistant for India at the Kew Botanical Gardens. (No. 2 — 4-1-1936.) 

{Note : — ^A reply was received from the Government of India stating that it was 
decided,, in order to give continuity of work in directions that coll for long and undivided 
study, the Assistant for India at the Kew Botanical Gardens, should continue, as at 
present, to be a permanent officer with wide experience of India. At the same time they 
were of opinion that there was much to be said in favour of the deputation of young 
botanists to Kew to act as liaison officers for short periods and they had addressed loom 
Governments in the matter.) 

3. The Council addressed the Government of India regarding the method of fixing 
the oontribution to be paid by countries adhering to the International Scientific Unions 
affiliated to the National Research Council. (No. 2 — 4-2-1936.) 

(Note : — A leply was received stating that the Government of India had addressed the 
India Office on the subject.) 

4. The Council approved the recommendation of the Finance Committee in regard 
to Rule 19 that relates to contributions to be paid from Fellow’s subscriptions to co- 
operating Academies. (No. 4 — 24-4-1936.) 

(Nofc ; — This rule to bo interpreted to mean that only when a FcOlow has paid bis 
annual subscription of Rs.36 to the National Institute, con ho dm>r;t that R8.12 from his 
subscription be paid to a co-operating Academy towards his annual subscription to that 
Academy.) 

6. The Council considered a letter from the Government of India, enquiring whether 
the National Instit ute woffid be prepared to undertake the co-ordination of the investiga- 
tions on natural illuminations carried out by various Universities in India and roaolved to 
undertake the work, appointing a sub-oonunittee consisting of J)r. C. W. B. Normand, 
Prof. P. N. Ghosh, and Prof. S. P. Agharkar to consider tochniiial details in this con- 
neotion. (No. 10—27-6.1936.) 

{Note .'—The letter of the Government of IinUa refers to certain investigations on the 
measurements of natural illumination at various times of the day in different parts of 
India, which the Illumination Research Committee of the Ilepartmont of Scientific and 
Industrial Research, I^ondon, are desirous of haviiig carricKl out.) 

6. The Council resolved to supply tho Indian Scienoe AbetravA^i frf>e Ui Follows and 
to allow 26% reduction off tho published price to Fellows purchasing any of the publica- 
tions of the Institute. (No, 2 — -29-8-1936.) 

7. The annual subscriptions for tho publications of tho National Institute were 
6xed as follows s— 

Proceediime — ^Hs.lO per volume. 

Traneact^ne — To be determined jwr part according to size and number of 
plates. 

Indian Scienoe — Rs.25 per volume. 

8. In oooordanoe with the Regulations the CouncsU appointed the Sectional Com- 
mittees for the year 1937. (No. 2*— 8-12-1936.) (See Appendix IV.) 
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APPENDIX HI. 

COMMITTEES, 1930. 

SECTIONAL COMMITTEES. 


(1) * MathomatioH * Committee for MailiomaticH, Astronomy and Geodesy : — 


Prof. A. C. Banerji . . 

Mr. T. P. Bhaskara Slnisi ri 
Brigmiier H. J . Couchman 
Prof. C. V* Haniimantha Rao 
Principal G. S, Mahajani 
Prof. N. K, Soti 


. . Allahabad. 

, . Hyderabad (Deccan). 

Calcutta. 

. . Lahore. 

Poona, 

. . Calcutta (Secretary 
and Convenor). 


(2) * PhysioH ’ Committee for Physios and Moteoi.'ology 

Dr. Kazir Ahmed 
Dr. P. N. Ghosh . . 

Dr. C. W. B. Norraoml 
Prof. M. N. Saha . . 

Prof. B. Venkatesachar 
Prof. D. M. Boao . . 


Bombay. 

Calcutta. 

Pooua. 

Allahabad. 

Batjgalore. 

Cahmtta (Soerotary 
and Convener). 


(3) ‘ Cliemistiy ’ Ooramitteo for Pure and Applied Chemistry ; — 


Prof, S. S. Bhatnagar 
Sir B. C. Burt 
Prof. N. R. Dhar . . 
Sir M. O, Forster 
Prof. H. K. Sen 
Prof. P. C. Hitter . . 


Lahore. 

New Delhi. 

Allahabad. 

Mysore. 

Calcutta. 

Calcutta (Secretary 
and Convener). 


(4) ‘ Engineering Sciences * Committee for Enginaoriiig, Metallurgy, Eleotro-teohnica and 
kindred subjects : — 


Mr. W. C. Ash 

Principal F. N. Mowdawalla 

Dr. D. Penman 

Mr. H. P. PhUpot .. 

Mr. E. A. Wroight . . 

Dr, E. Spencer 


. . Calcutta. 

Bangalore. 

. . Dhanbad. 

. . Benares. 

Jamshedpur. 

, . Calcutta (Secretary 
and Convener). 


(6) * Geology ' Committee for Geology, Paksontology, Mineralogy and Geography : — 


Sir L. L, Fermor 
Dr. C. S. Fox 
Prof. K. K. Mathiir 
Mr. E. S. Pinfold . . 
Mr. B. Kama Rao 
Dr, A. M. Heron 


Calcutta. 

Calcutta. 

Henaree. 

Rawalpindi. 

Bangalore. 

Calcutta (Secretary 
and Convener)* 


(6) * Botany ' Committee for Pure and Applied Botany, Foreetiy and Agronomy : — 


Prof- 8. L. Ajrakar . . 
Mr. H. G. Champion 
Prof. M. O. P. Iyengar 
Prof. P. K. Parija .. 
Dr. F. J. F. Shaw .. 
Mr. C. 0. Calder . . 


Ahmedabad. 

Dehra Dun. 

Madras. 

Cuttack. 

I>elhi. 

Calcutta (Secretary 
and Oonyenar). 



AKKtTAL BBPOBT. 


15 


(7) * Zoology ’ Oommittoo for Pure and Applied Zoology and Anthropology including 
Ethnology : — 


Prof. K. N. Bohl 
Br. C. F. C. Beeson 
0r, F. H. Gravely 
Principal M. Afseal Hiisaln 
Dr. J. H. Hutton 
Dr. B. Prashad 


Buoknow,. 

Behra Dun. 

Madras. 

Lyallpur (Punjab). 
3hiUong. 

Calcutta (Secretary 
and Convener), 


(8) * Physiology ' Committee for Animal Physiology and Medical subjects : — 


Sir U. N. Brahmachari 
Prof. W. Burridge 
Brevet-Col. R. N. Chopra 
Prof. P. K. Koahy . . 
U.-Col. R. Row 
Prof. N. N. Sengupta 
Lt.-Col, J. Taylor . . 

Mr. F. Warn 
Lt.-Col, R. Knowles 


. . Calcutta. 

. . Lucknow. 

. . Calcutta. 

Madras. 

Bombay. 

Lucknow. 

KasauU. 

Muktesar. 

. . Calcutta (Secretary 
and Convener). 


EDITORIAL COMMITTEE FOR THE ‘INDIAN SCIENCE ABSTRACTS' 


Dr. B. Prashad 
Prof. N. R. Sen 
Prof. M. N. Saha 
Prof. J, C. Ghosh 
Dr. E. Spencer 
Dr. A. M. Heron 
Prof. P. K. Parija 
Lt.-Col. J. Taylor 
Mr. F. Ware 


General Editor. 


Associato Editors. 


APPENDIX IV. 
COMMITTEES, 1937. 
SECTIONAL COMMITTEES. 


(1) * MatheinAticB * Oommittoo for MathematioB, Astronomy and Geodesy ; — 


Prof. K. Ananda Rao 

Prof. A. 0. Bonerji , . 

Mr. T. P. Bhftskara Shastri 

Lt.-Col. E. A, Glennie 

Prof. 0. V. H. Rao . . 

Prof. N. H. Sen 


. . Madras. 

Allahabad. 

. . Hyderabad (Deccan). 

.. DehraDun. 

. . Lahore. 

Calcutta (Secretary and 
Convener). 

(8) ' Physios ’ Committee lor Physios and Meteorology : — 

J>r. Kasir Ahmad . . 

Prof. P.N. Ghosh . . 

Dr, 0. W. B. Noirmand 

Prof. M. N. Saha . . 

Prof. B.,Veiikatesaohar .. .. 

Prof. D.M. Bose .. .. 

. . Bombay. 

. . Caloutta. 

. . Poona. 

.. Allahabad. 

, . Bangalore. 

. . Caloutta (Seoretary and 
Oemveuer). 
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(8) * Chomiatry * Oommifcfteo for Pure and Applied Chemistry : — 

Prof. S. S. Bhatnagar . . , , * . Laiiore. 

Sir Bryce Burt . . . . New Delhi. 

Prof. N. H. Dbar . . . . . . . . Allahabad. 

Prof. J. N. Mukherjee , . . . . . Calcutta. 

Prof. V. Subrahmanyan . . . . Bangalore. 

Prol P. 0, Mittor . . . . , . . . Calcutta (Secretary and 

Convener), 

(4) ‘ Engineering Soienc*es ’ Committoe for Engineering, Metallurgy, Eleotro-technios 
' and Kindred subjects :~ 

Mr. W. E. V. Abraham . . . . . . Khodaung (Burma). 

Mr. W. C. Ash . . . . . . . . Calcutta. 

Mr. H. P. Philppt . . . . . . . . Benares. 

Mr. E, 8. Pinfold . . . . . . . . Rawalpindi. 

Mr. E. A. Wraight . . . . . . . . tTamshetipur. 

Mr. F. N. Mowdawalla . . . . . . Bangalore (Secretary 

and Convener). 


(6) * Oeology ’ Committee for Geology, Palasontology, Mineralogy and Geography : — 


Mr. P, Evans 


. , Digboi. 

Dr. C, S. Fox 


. . Calcutta. 

Mr. B, Rama Rao . . 


. . Bangalore. 

Mr. D. N. Wadia . . 


, . Calcutta. 

Mr. W. D. West . . 


. . Calcutta. 

Dr. A. M, Heron 


. . Calcutta (Secretary and 
Convener). 

(6) * Botany ’ Committoe for Pure and Applied Botany, Forestry and Agronomy : 

Dr. W. Burns 

, , 

. . New Delhi. 

Prof. M. O. P. Iyengar 

. , 

• • Madras. 

Prof. K. C. Mehta . . 


. . Agra. 

Prof. P. Parija 


. . Cuttack. 

Sir C. G. Trevor , . 

, . 

. . Debra Dun. 

Mr. C. C. Caldor , . 

* • 

. , Calcutta (Secretary and 
Convener), 

(7) ^Zoology’ Committee for Pure and Applied Zoology and Anthropology including 
Ethnology : — 

Prof. K. N. Bahl . . 


Lucknow. 

Dr. F. H. Gravely . . 


. . Madras. 

Dr. B. S. Guha 


Calcutta. 

Khan Bahadur M. Afzal Husain 


. . Lyallpiir. 

Dr. H. S. Pruthi . . 


. , New Delhi. 

Dr, B. Prashad 


. . Calcutta (Secretary and 
Convener). 

(8) * Physiology ’ Committee for Animal Physiology and Medical subjects : — 

Sir IJ. N. Brahmaohari 

, . 

Calcutta. 

Prof. W. Burridge . . 


. . Lucknow. 

Prof. P. K. Koshy . . 


Madras. 

Dr, R. B. Dal 


. . Calcutta. 

Lt.-Col. B, Row . , . . 


. . Bombay. 

Prof. N. N. Sengupta 


. . Lucknow. 

Col. J. Taylor , . 


.. Kasauli* 

Mr. F. Ware 


. . Muktesar. 

Brevet-Col. H. N. Chopra 


. . Calcutta (Beoretary and 
Convener) 
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APPENDIX V. 

LIST OF PBBIODIOALS BEOBIVFl) EITHER IN BXOHANOB OR AS PRESENTATION. 

Indian, 


Agriculture and Live Stock in India. 

Armual Keport of the Lriporial Institute of Veterinary Kesearcb, 

Biochemical and Applied Kesearch in India. 

Bulletin of the Calcutta Mathematical Society, 

Bulletin of the Dopartmont of Agricultui’o, Mysore. 

Bulletin of the Indian Central O>tton Committee. 

Bulletin of the Institute of Plant Industry, Indore. 

Calcutta Medical J ournal. 

Circulars of the Department of Agric»ilture, Mysore. 

K leotro technics . 

General Keport of the Survey of Lidia. 

Geodetic Report of the Survey of Lidia. 

Indian Forester. 

Indian Forest Records. 

Indian Jpurnal of Agricultural Science. 

Indian Journal of Veterinary Science and Animal Husbandry. 

Indian Physico -Mathematical Journal. 

Indian Medical Gazette. 

Indian Zoological Memoirs. 

Journal of the Iiidiau Chemical Society, 

Journal of the Lidion Institute of Science. 

Joiumal of the Indian Mathematical Society. 

Journal of tho Lidian Medical Association. 

J ouniuJ of the University of Bombay. 

Madras Fisheries DepaHtnent Report. 

Memoirs of the Geological Survey of India, 

Memoirs of the Lidion Meteorological Department. 

Nagpur University Journal. 

Pa&ontologia Indioa. 

Proceedings of the Indian Academy of Sciences. 

Proceedings of the Institute of Plaait Industry, Indore. 

Proceedings of the National Academy of Sciences. 

Proceedings of the Physiological Society of India. 

Quarterly Journal of the Geological, Mining and Metallurgical Society of India. 
Records of the Botanical Survey of India. 

Records of tho Geological Sui*voy of India. 

Recoixis of tho Malaria Survey of India. 

Records of the Mysore Geological Department. 

Report of the Botanical Survey of India. 

Report of the Haff'kine Institute. 

Report of the Indian Central Cotton Committoe. 

Report of tlie King Institute of Preventive Medicine. 

Science and Culture. 

Scientific Notes of tho Indian Meteorological Department. 

The Mathematical Student. 

Transactions of the Bose Resooroli Listitute. 

Transactions of tho Mining and Geological Institute of India. 

Foreign, 

Biological Bulletin of tho Marine Biological Laboratory, Woods Hole. 

Bulletin of the Canada Department of Mines. 

Bulletin of the Geological Sui-voy of Uganda. 

Bulletin of tho Intonxational Geologic^ Congress, U.S.S.R. 

Collected Papers, Woods Hole Oceanographic Listitute. 

Experiment Station Reconis, U.S. Departmout of Agriculture. 

Himalayan Journal: 

Memoirs of the Department of Mines, Canada. 

Memoirs of the Geological Survey of Uganda. 
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Oooaeional Papers of the Qoological Survey of Uganda. 

Papers in Physioal Oooauogtaphy and Meteorology, Woods Hole Ooeanographio Institute. 
Report of the l>epartment of Mines, Ganada, 

Report of the Qeologioal Survey of Uganda. 

Scripta Mathematioa. 

Transactions of the Institute of Economic Mineralogy. Mosoow. < 
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APPENDIX VII. 

BUDGET ESTIMATE FOR 1936-37. 


Ordinary 

SnbscriptiouH 

Intei^st 

Contribution for the publication of 
* Indian Science Abstracts * 

Sale of Publications 
MiseeUaneouH 

Contribution from General Fund 


Extraordinary Receipts. 

Admiftflion Foe 
Donation 


Ordinary PaynumlH, 

Salaries and allowances . . . • 

Publications . . . . 

Contributions to Science Academies 
under Uule 19 
Furniture 
Postage 
Stationery 
Auditor’s Fee 
Miscellaneous 


Extraordinary PrvymefUs. 

Fimding of Admission Fee and 
Donation 


1935*36 

Estimates. 

1935-36 

Actuals. 

Budget 
Estimate for 
1936*37. 

Rs. 

Ks. 

B*i. 

5,200 

6,125 

6,000 

700 

1,072 

1,150 

1,000 

1,260 

1,200 

100 

242 

250 


192 


2,400 

2,744 

6,850 

9,400 

10.625 

13.450 

320 

676 

320 


9,700 


320 

10,276 

320 


2,J(M) 

2,069 

2,700 

5,000 

6,431 

8,000 

1,000 

876 

1,000 

400 


500 

600 

660 

700 

200 

177 

200 

60 

50 

50 

160 

442 

300 

9,400 

10,625 

13,450 

320 

9,879 

320 



Presidential Address. 


HYDERABAD, 1937. 

By BRiGAmKR H. J. Couchman, D.S.O., 

PROGRESS OF GEODESY IN INDIA. 

I propose in this address to follow the suggestion made by our first Pre- 
sident Sir IjOwis Fermor at Indore last January that is to deal first briefly 
with the activities of our Institute during the past year and secondly to review 
the progress of the particular branch of science with which I am connected. 

In reference to the National Institute, I wish first to mention the groat 
loss that we have suffered in the retirement from service of our first President 
Sir Lewis Fermor. Speaking as one who has had the privilege of serving 
under his chairmanship on the Committee charged by the Indian Science 
Congress to bring this Institute into being, I can affirm without any hesitation 
whatever that our existence to-day is largely duo to the tact, energy and 
judgment displayed by Sir Lewis Fennor during the whole of our proceedings. 

In the name of the Council of the Institute and, I feel sure, of the whole 
body of Fellows I take this opportunity of thanking him for his work on our 
behalf. 

The cliief event of our Institute year has bean the publication of the 
first part of Indian Science Abstracts. The work involved in the preparation 
of these abstracts is very great but it could be materially lessened if* authors 
of scientific papers would assist by forwarding very short abstracts of them 
to the Institute. May I apjjeal for the co-operation of authors in this respect 
»o that these abstracts may be fully worthy of this great country ? 

Our other activities have been described briefly in the Annual Report 
€tnd I wili only refer here to the symposium held in Calcutta, at which and also 
at the General Meeting in Simla, many interesting papers on the produc- 
tivity of the soil were read and discussed by the many exports present from all 
parts of India. 

It is hoped that these symposia will continue to be a regular feature of 
the activities of our Institute. 

We are deeply grateful to those who have made donations to the funds 
of our Institute during the year. But we are not yet self-supporting; in 
1930 nearly Bs. 6,000 has had to be spent from our capita and a similar deficit 
in income is expected next year. We must therefore depend on the eon- 
tinuanoe of such donations. May I appeal to the generosity of the Princes 
and people erf India and to the Governments of India and of the Provinces to 
help this truly National Institute task of promoting and still more of 
co^rordiiiating the s<dentific activities of India ? 
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Spearking nc»t as your President but as one who has spent over 30 years 
in India, I am convinced of the necessity, in this vast country, of a National 
Institute such as ours. Geographical difficulties there may be but there should 
not be financial ones and I look with confidence to those who have the power 
to remove them. 

I now turn to the second part of this address-^the Progress of Geodesy 
in India, 

The study of Geodesy in India has been for many years confined almost 
entirely to the Survey of India department of the Government of India and 
as the head of that department, it appears to me to be a suitable subject with 
which I should deal. I must however explain that I have not personally been 
connected with this branch of our departmental activities for many years and 
I can therefore only be the somewhat halting mouthpiece of others. 

Geodesy, or earth measurement, is a science with which any survey 
department is intimately concerned. Without knowledge of the shape, or as 
it is generally termed the figure, of the earth the mapping of any considerable 
portion of the earth’s surface is impossible, in the sense that the positions 
of points on that surface cannot be accurately defined by their latitude and 
longitude, and isolated surveys cannot be connected together. 

The making of disconnected maps in India began about the middle of the 
18th century but it was not until the end of that century that a start was made 
to cover India with a network of accurately fixed triangulated points. This 
network was primarily required for the control of surveys by preventing the 
accumulation of errors, but it has been used along with triangulated arcs in 
other i>art8 of the globe to determine the figure of the earth and to this extent 
its purpose was geodetic. 

The year 1802, when Colonel William Lambton measured his first base 
line near Madras may be taken as the beginning of the study of geodesy in 
India. This study has continued with little interruption to the present time. 

India lias been a particularly favourable area for this study. Firstly, 
with the exception of the United States of America, it is probably the largest 
developed area under the control of one administration. The difficulties, 
met with in other continents, in the initiation and co-ordination by different 
Governments of geodetic work have consequently been absent. Secondly, 
its shape provides on extremely long stretch of land area on one meridian ; 
from Cape Comorin in a due northerly direction to the foothills of the Himalaya 
(beyond which accurate geodetic work is hardly practicable) we have some 
1,500 miles of country available. The value of this lies in the fact that prior 
to the electric telegraph the accuracy of astronomical determinations of lon- 
gitude was in no way comparable to those of latitude. Consequently the 
earlier attempts to derive the figure of the earth were based on area measured 
along a meridian and have only comparatively recently been extended to arcs 
along a parallel. Thirdly, in the mountains to the north it possesses the most 
elevated portion of the earth in close proximity to deep oceans. It has at its 
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very door ample material from which the attraction of local ma88e« can be 
calculated and analysed » and theories formulated as to the structure of the 
^rth. But it has been fortunate in another way. All these favourable 
attributes would have been wasted, anyhow for many years, but for the two 
great pioneers of geodesy in India, Colonel Lambton and Sir George Everest. 
These two between them controlled the early geodetic work in India for over 
40 years and laid down for their successors a lasting framework on which to 
build. 

The earliest years of geodetic study in India were spent in the measure- 
ment of base lines and arcs of triangulations and astronomical observations 
of latitxide at selected stations along these arcs. By 1830 s\ifficient data had 
been accumulated to enable Sir George Everest to calculale his figure, of the 
earth. The necessity for a recalculation of this figure had been apparent for 
some years but had obviously to wait until data were deemed to be sufficient. 
Until then the calculation of latitude and longitude of triangulated points, 
necessary for the purpose of survey, had to be based on some more or loss 
arbitrary figure and it is known that this arbitrary figure had to be changed 
several times, as its unsuitability became apparent. 

Everest’s figure has l>een used for the computation of the whole of the 
Indian triangulation and it is therefore of interest to record that it is an oblate 
spheroid of which the major or equatorial semi-axis is ()377'3 kilometres with 

an ellipticity * or flattening of Lr-— , Further investigations have shown that 

this spheroid is slightly too small, the modem value of the major semi -axis 
being about 0378*4 kilometres or some 1,200 yards greater, with an ellipticity 
in the region of 1/295 making the polar semi -axis about half a mile greater than 
Everest’s. 

The result of using Everest’s spheroid as the reference figure for com- 
puting the elements of the Indian triangulation is that India occupies on its 
maps slightly more than its proper share of the earth’s surface. In longitude 
lErom Baluchistan to Burma a distance of some 2,500 miles tliis excess is about 
2,500 feet. This excess will cause no embarrassment until our neighbours 
carry out independent geodetic triangulation and mappmg up to our common 
frontier where each point on the ground will then have two values of latitude 
and longitude, our own and oxvc neighbours’. Until there is a prospect of this, 
the immense labour of republishing all Indian maps on a corrected graticule 
is not worth undertaking. Siam is at present our only neighbour that has 
carried out accurate triangulation up to the Indian border but as they have so 
far accepted the Indian values of latitude and longitude for their base station 
there is no discrepancy in maps. 

• If a«»major eemi-axis (equatorial) 
b«iiiampr semi-axis (polar) 

then ellipticity 
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Dkflbction of th» vertical. 

Tho geodetic method of calculating the figure of tlie earth is to relate the 
linear distances along a meridian or parallel between fixed points as determined 
by triangulation with the angular distance as determined by the difference 
of astronomical latitudes or longitudes. Such a method can only give good 
results if the instrument to measure the vertical angles necessary for latitude 
or time is truly horizontal, that is to say tangential to the spheroid of reference 
which is to be obtained. In the vicinity of large excesses of matter this con- 
dition is not obtained, since the mass deflects the vertical. All astronomical 
measures of latitude or time are therefore in error by the difference between 
the local vertical or direction of gravity, and the true vertical or normal to 
the spheroid of reference. 

In calculating this spheroid therefore it is clear that stations in the vicinity 
of very large excesses or defioienoies of matter should be avoided. 

With the elements of the spheroid of reference th\i8 obtained the latitudes 
and longitudes of points fixed by triangulation are calculated and by comparing 
these values with those obtained astronomically a measure of the angular 
displacement or deflection of gravity is obtained. It must however be remem- 
bered that this measure is not absolute but will vary as the elements of the 
spheroid, or other figure of reference selected, are changed. 

When these deflections were obtained at stations near tho foot of the 
Himalaya and it was found, of course, that they were towards the mountains, 
attempts were mode to connect the amount of deflection with the amount of 
the visible excess of matter. It was soon apparent that such connection 
presented great difficulties. The calculated effect of the visible excess of 
matter was in aU cases far greater than the observed deflection. At Dehra 
Dun at the foot of the Himalaya, for example, the calculated deflection was 
86 seconds of arc as against an observed value of 37 seconds. 

The question was referred about 1853 by Sir Andrew Waugh, the Surveyor- 
General, to Archdeacon Pratt of Calcutta, a distinguished mathematician, 
and he propounded his theory of mountain compensation or what is termed 
isostvosy to-day. I return to this theory later ; it is sufficient here to remark 
that the theory did not completely explain the observed deflections. 

Other geodetio work. 

For nearly forty years this aspect of geodesy was not seriously pursued 
in India uo doubt because it was realized that more data was necessary, but 
in IWl Sir Sidney Burrard again directed attention to the problem in his 
famoiiB paper ‘ On the attraction of the Himalaya mountains upon the Plumb 
line During this interval geodetic work did not cease. India was gradually 
being covered with a network of primary triangulation^ which is even to-day 
not quite complete, tidal observations were made to deterndne the 
level as a datum for the level net and the first series of petadhium observa 
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to determine the foroo of gravity were carried out in the late 186()s. The 
telegraphic connection of India with Europe enabled an accurate calculation 
of longitude to be made about 1898, incidentally' shifting India some 2 J miles 
west of its previous place on the globe to o(?cupy a position which modern 
methods and apparatus have shown to bo extremely accurate, 

RjffiOENT PBOGKESH. 

The present oentury has seen a great revival of gt^odetic study in India, 
The principal activity has boon the accumulation of values of the force of 
gravity by moans of the pendulum and of its direction by astronomical obser- 
vations already referred to. In [IM)9 Mr. J. F. Hayford of the United. States 
Coast and Geodetic Survey published his investigations into the theory of 
isostasy and this was shortly followed in India by preliminary discussions 
of the correctness of his theory as judged by Indian data. 

Hay ford’s theory stated briefly was that above a certain depth below 
sea-level the mass in any column of unit area is the same whatever its height, 
or in other words that mountains and seas are compensated by underlying 
deficiencies and excesses of density. The theory is practically the same as 
that of Archdeacon Pratt to which I have referred above but is stated in a 
more precise way. Rayford’s calculations of the depth at which compensation 
was complete produced the figure of about 70 miles, subsequently reduced to 
about 60 miles, l>elow the sea-level surface. 

Although this theory reduced materially the anomalies or difieronoes 
between the theoretical and observed values of the force and direction of 
gravity, thus showing that a certain degree of (compensation does exist, it has 
all along l)oen held in India that the isostatio theory is only a partial explana- 
tion of observed results. It has been more successful in North America than 
in India in reducing anomalies and this may possibly indicate that, the former 
continent is geologically more stable. In India, however, the data accumulated 
seem clearly to point to the existence of deep-seated belts of excesses and 
deficiencies of density which have little relationship to surface geology or 
topography. The existence of what is probably the most marked of these 
belts was suggested by 8ir Sidney Burrard some 30 years ago and called by 
him the Hidden Range, which runs across India slightly north of west tlu*augh 
Jubbulpore. He derived this from a study of the dofiections of the plumb 
line in Northern India and its existence becomes more and more certain as data 
are accumulated, not only of the direction but of the force of gravity. Such 
belts are inconsistent with any rigid and precise theory of isostasy such as 
that enunciated by Hayford which assumes tliat underlying densities vary 
only with surface heights and depths. Admittedly any theory as to the 
density of deep-seated masses must be put into a reasonably precise form to 
permit its effect on gravity to be computed with reasonable ease and one 
cannot oondenm such a theory for its failure to explain all anomalies. The 
object should be to superimpose on the theory broad hypotheses which remove 
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80 much of tho residual anomaly as to enable the remainder at any station 
to be attributed to such local variations of density as are acceptable to geolo- 
gists. Clearly any anomaly of gravity at any one station can be removed 
by some, assumption of local deufiity but this assumption will affect neigh- 
bouring stations also and may increase the anomaly there ; it may also be 
intrinsically im|)08sible. Thus earlier attempts to explain by local conditions 
the great deficiencies of gravity in North Bihar resulted in the postulation 
of such a depth of light alluvium as could not he accepted. 

If, however, broad tissumptions of deep-seated variations of density do 
succeed in very materially reducing anomalies over large areas witljout increas- 
ing others, there is some certainty that they are correct. It is on these linos 
that Lt. -Colonel Glennie of the Survey of India and a Fellow of this Institute 
has been working for some years. After allowing for a me^lsure of isoatasy 
and for tlie effect of the Hidden Chain, he finds that the residual anomalies 
in tho force of gravity can be further materially reduced by postulating other 
continuous crests and troughs in the dense sub- crust. He calls these up- 
warps and down -warps and has propounded theories as to their origin which 
are being discussed. Charts showing these warps are published in the Geodetic 
Keports of the Survey of India. The study of these deep-seated features, 
which are believed to originate some 10 to 20 miles below the surface, wiU, 
it is hoped, throw some light on seismologioal problems and also on so 
a matter as water-logging in irrigated and other areas. 

Thh form of th® geoid. 

Hitherto in referring to tho figure or shape of the earth we have considered 
only a generalized figurti which can bo expressed in a reasonably simple 
mathematical form. Such a form is necessary for purposes of computation — ^to 
convert the measurements obtained by triangulation into latitude and longitude 
of the points fixed. By the middle of the eighteenth century it had become 
established that the actual shape of the sea-level surface of the earth, i.e, the 
gcoid, could be more closely represented by a simple oblate spheroid than by a 
sphere. It is quite possible that an oven closer approximation would be a 
tri-axial ellipsoid but this would involve considerable loss of computational 
ease. 

All countries which have executed any triangulation use an oblate sphe- 
roidal figure for computation of latitude and longitude but the elements of 
these spheroids are not always the same. In India, as I have mentioned, the 
spheroid used could definitely be improved upon although the labour involved 
in the change would be immense. But the enormous advantages that India 
has derived from Hie early execution of triangulation has vastly outweighed 
the disadvantage of using Everest’s spheroid and we have no cause to reproach 
our predecessors for this use. Had they postponed the computation of Hie 
triangulation until the elements of the spheroid bad been more accurately 
determined the main advantage of that early start would have been lost. As 
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it is, India has been free from the difficulties experienced by many countries 
which have carried out detached surveys without a rigid framework of trian- 
gulation. Our dif^culties in fact have been relegated to the frontiers where 
they are clearly of less importance. 

But whatever spheroid is used it is evident that it cannot absolutely 
represent the geoid. Excesses and deficiencies of matter and of density must 
distort the geoid from any purely mathematical form, and it is to these dis- 
tortions, or as they are usually called separations, of the geoid from the assumed 
spheroid that considerable attention has been recently devotc^d in India. 

From a study of the changes in the direction of gravity along a line of 
stations, it is possible to compute the changes in separation that will account 
for them. Given a sufficiency of such stations the separations can be displayed 
by contours on the spheroid thus clearly showing the shape of the actual geoid. 

Charts showing these contours are published from time to time in the 
Geodetic Reports of the Survey of India and the shape of the geoid in Penin- 
sular India appears now to be fairly well established. More data are needed 
in Burma and in the Himalaya in both of wliich areas the geoid seems to 
present miusual features. Whereas in Peninsular India the separation of the 
geoid from the International Spheroid, the figure adopted by the International 
Union of Geodesy and Geophysics, varies between about 35 feet above to 40 
feet below, there are indications that in Southern Burma the geoid rises to 
something like 140 feet above the spheroid. 

In spite of the forthcoming separation of Burma from India it is hoped 
that it may be possible to obtain further data in this area to elucidate this 
peculiar feature. 

The Hidden Range is clearly shown by these geoidal contours which 
along a line through Sambalpur, Jubbulpore, Jodhpore, and Quetta indicate 
a crest of between 20 and 35 feet as oompai*ed with depressions of 40 feet 
near Gorakhpur to the north and 10 feet near Bolgaum and Madras to the 
south. 

These geoidal contours have an intimate bearing on the heights of moun- 
tain peaks ; these have been obtained by measurements of angles of elevations 
from distant points, and not, of course, by spirit levelling up to the summit. 
While the latter method gives true geoidal heights, since the leveUiug instru- 
ment at each station assumes a position parallel to the geoid, the former does 
not. After correcting for refiraction the height obtained is above the geoid 
at the station of observation and would only represent the true geoidal height 
if both station and peak were on the same geoidal contour. As this is unlikely, 
the heights of all distant peaks require a correction at present unknown and 
this fact explains the reluctance of the Survey of India to change the well- 
known height of Mount Everest, 29,002 feet, to a more accurately calculated 
but non«geoidal value of 29,141, 

If i may be^ permitted a word of departmental glorification, I will conclude 
by remarking that the geodetic activities of the Survey of India have been 
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oommonded on many oocaHions by other eoimtries and it is our hope that these 
activities will be contixiued for many years to como. 

The study of geodesy is inevitably one involving much patietioo and per- 
sistence ; results are hard to come by and their practical value is often doubted. 
Provided liaison is maintained with geology and geophysics, geodesy must 
lead to a better knowledge of the oarth^s structure and thus extend the dis- 
covories of these sciences. 



A NOTE ON CLAY PANS IN THE BAKHARGANJ DISTRICT OP 

BENGAL, 

By J, N. Mttkhbkjbm, mid M. Carbbev, MA. 


{Bead Jidy 19, 1936^) 

Layers of soil impervious in various degrees to root growth and to free 
movements of water are often met with in the soil profile. These are generally 
known as pans. Several types are known. Pans of hard concretionary 
materials, rich in sesqnioxides, humus, calcium carbonate and gypsum as 
also pans consisting of compact layers free from the above, such as the clay 
pan or the plough pan, have been met with. Ramann ' emphasised the 
interrelationships between podsolisation and pan formation thus bringing 
it in relation to the pedogenic processes. In the ortsiein formations studied 
by Ramann a cementing process is recognised. A number of subsequent 
investigators have supported this point of view. The plough pan, however, 
is observed below the soil mulch and Kamarni and Ehronberg * define it as 
the uppermost layer of the subsoil whose compactness is mainly attributed 
to the downward translocation of the finely dispersed material of the cultivated 
la 3 ^r. Schlaoht * quotes Ehrenberg as stating that plough pans are disap- 
pearing with the introduction of modern methods of cultivation but in a 
recent survey in Germany he finds it to be extensive. He has considered in 
detail the relation between pan formation and soil structure. He comments 
that the extensive occtirreneo of pans, other than those of hard concretionary 
materials, is not generally recognised. He finds very little dependence on 
the liine and humus contents, the more important factors being the clay 
content, the manner of mixture with the clay and the moisture content and 
its variations. According to him the cultivation of lucerne and potato helps 
the formation of such pans immediately below the cultivated layer. If des- 
troyed, they are reported by him to be reformed within three months to two 
years. Hilgard* observed plough pans mostly in clay soils, Ramann* in 
low and sandy soils and Mayer * in humus sandy soils. Among the factors 
which promote the formation of such pans are processes winch give rise to 
a fluid dispersed layer of the soil particles. 

i Bamann, Xhe evolution and classification of soils, p. 69. (English translatioa by 
C. L. Whittles.) 

^ Bamann and Ehrenberg, Die BodenkoUoida, 1915. 

8 Sohlacht, Ztaohr* Pfkmz» JOung,, vol. 27A, p. 303, (1933). 

iH%ard, Boils, p. 186, (Now York, 

^Baraami, Bojdeid^ 

vol. 38, p. 161, (1^^^^ 

Xn-^No.. k [FttbUshSd April 7th, 1937. 
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Tho tendency to correlate pan formation with the t 3 rpe and etruoture 
of the soil and the soil forming processes appears to be gaining ground. Aamio ^ 
has investigated plough jm-n formation in relation to soil genesis. Jenny and 
Smith ® postulate a sieve action principle in pan formation according to which 
in a soil profile the colloidal particles can migrate only in the pore channels 
of the soil skeleton. If the diameter of the smallest pore exceeds the greatest 
diameter of the clay particle, no tendency to pan formation will exist. In 
any other case, partial or total acmimnlation of colloids will take plat^e. 

In the Barisal farm it was noticed that a rich soil, which should bear a 
good crop of cane, failed to do so. A pan was located about 7 to 10 inches 
below the surface. Such pans have since been observed under waterlogged 
or flooded conditions, under cultivated and uncultivated soils, as also under 
those not subject to floods or water-logging. The pan lias also been observed 
at similar depths even where soil consists of raised earth. As paddy was 
mainly grown in the area the pans escaped notice. The roots of the cane grow 
horizontally and are unable to penetrate the pan. It is <][uite easy to locate 
the pans suitably with the help of an iron probe. It appears that these pans 
are extensive in the area examined. The soil is yellowish grey in colour and 
appears to be uniform on visual examination throughout the profile up to a 
depth of about 3 feet. It is free from concretionary material. A bluish layefr, 
deeper down, has been observed in one instance©. As most of the area was 
water-logged when the site was visited, only a preliminary examination was 
possible. A detailed investigation of these pans and their occurrence which, 
to the knowledge of the authors, have not been observed so far in Indian soils, 
has been undertaken. 

Regarding ameliorative measures the cultivation of deep rooted plants and 
deep trenches facilitating drainage suggest themselves and it is intended to 
try them but a detailed investigation of the soil profile should proceed© the 
adoption of such measures. From such evidence and observation as have 
been made it would seem that if such pans were broken up, they would readily 
reform ; ordinary methods do not seem to be applicable. 


1 Aamio, Om Alvtypor Oeoteknisa Meddelandon No. 30, (1021 ). Quoted from Sohlaoht. 
^ Jormy and Smith, Sloil vol. 39, No. 6, (1035). 



CORRELATION BETWEEN THE DISPOSITION OP THE LIVER AND 

THE KIDNEY AND THE FORM OP THE AIR-BLADDER IN 
CERTAIN SILUROID PISHES OF INDIA.* 

By SiTNDKB Lal Hoba, D.Sc., F.R.S.E., F.N.I., AsuUtant SupervnJtenienJt, 
Zoological Survey of India, Oalcutta, 

(Rmd January 5, 1937,) 

Several workers have observed and commented upon the peculiar dis- 
position of the liver and the kidneys in certain Siluroid genera, such as 
Plotosm Guv. & Val., HeteropmuMe^ Mtiller (ssSa^cobranchus Owv, & VaL), 
Ghrias Linn, and HeUrobranchm Geoftr., but, so far as I am aware, no satisiao- 
tory explanation for this peculiarity has yet boon advanced. Dutta (1924), 
who reviewed the whole subject not very long ago, came to the conclusion 
that 

‘ This unusual position of the livor and tho kidnoy can be regarded with a very fair 
amount of probability to bo duo to the Hmallaess of the body -cavity in which the com* 
pamtively larger liver and kidney do not find enough space and are thus thrust outside.* 

Weber (1891) had previously suggostod that tho peculiar disposition of 
the liver and the kidneys in Clarias and Hekrobranchus was due to the lateral 
expansion of the air-bladder, which carries sideways with it small lobes of tho 
liver and the kidneys. 

It is unfortunate that Bridge and Hadden’s (1893) very illuminating 
remarks concerning the jiectjliarities in tho disposition of the liver in certain 
Siluroid fishes and its correlation with the form of the air-bladder should have 
escaped the attention of all recent workers on the subject. According to these 
authors the outwardly directed peritoneal cul-de-sacs were developed for the 
reoeptiem of tho lateral lobes of the liver as a result of the unusual lateral 
extension of the anterior chamber of the air-bladder and its apposition on 
each side to the external skin. They further stated (p. 298) that 

* The possibility, however remote, that these anatomioal features have no special 
physiologioal valoe^ but are simply the necessary result of other structural modifications 
of undcabted utility, m\ist also be kept in view. The relative shortness of the abdominal 
oavity in many Siloroids may have caused the latorcd extension of the air-bladder and its 
oohsequent abutment against the external skin.* 

Eecmtly in oonneotion with my work on th© Siluroid fishes of India for a 
revised edition of ‘ Fuihes * in the Fauna of British India series, I dissected a 
large number of specimens belonging to differemt genera of Indian CJatfishea 
fpr elucidatiiig the form of the air-bladder and the modifications undergone 


1 with psrmissiou of the I>treotor, 2oalogioal Sumy 

Voi.mr^o. h [Published April 7th, 1987, 
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^^Liver. GHQ Air ladder. B /(idney. 


TBXT.Fia, 1.— Borao-lateral vmw of the head and anterior part of the body of Plotoma 
oanius Ham., 0laria9 bcUrat^ (Linn.) and E^n>pneu 9 te$ JosnlU (Blooh). 

Skin in the region above the peotoral fin is removed to show the diapoflitiou of the 
liver, the air-bladder and the kidneys. 

PlotosuB oanitis Ham. X 11; 6. CtoricM bcUrachua (I/inn.}.x{ > e. B^ropmua (09 
ftMsUia (Blooh). Nat. Sise. 

by the aBgoeiated skeletal etructures. The disposition of the liver and the 
kidneys was also noted in each ease, and it sow be(^B}e appa^nt th^t the 
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chief factor that had brought about the peculiar diaposition of the liver and 
the kidney in CUiriaa, Heteropnemtes^ etc, was undoubtedly the reduction of 
the body-cavity, while the actual formation of the extra-ooelomie lobes appears 
to be due to the changes in shape and position of the air-bladder consequent 
upon the dorso^ventral flattening of the body. 

In this note I trace the changes undergone by the air-bladder, the liver 
and the kidneys from the simple to the most highly specialized forms. As a 
result of the study of these types there seems little doubt that the remarkable 
modifications of the air-bladder, as elucidated by Bridge and Haddon in Ailia 
Gray, Clupismm Swainson {^Schilheichihya Bleeker), Sihnia Swainson (a» 
Silundia Cuv. & Val.), etc. are the direct result of the disposition of the liver 
and the kidneys and are not due to any special physiological requirements of 
the various forms. 

For the purpose of this enquiry G Anther’s (1864) divisions of the Siluroid 
fishes* into Siluridm Homaloptor®, Siluridcc Heteropter®, Silurid® Pro- 
teropter®, and Silurid® Proteropodes are of special significance, as they are 
based on the external extent of the dorsal and the anal fins ; with these is 
also correlated the relative restriction in the size of the abdominal cavity in 
the various divisions. As the Silurid® Proteropodes resemble the Silmrid® 
Proteropter® in the form and extent of the anal fin, it will be sufficient to 
consider here the members of the first three groups only. 

Among teleostean fishes, as a rule, the kidneys extend along the entire 
length of the dorsal wall of the abdomen, above the air-bladder ; those of the 
two sides are partly fused with one another in the middle line. The anterior 
portion of each kidney is greatly dilated and, in the adult, consists of lymphatic 
or adenoid tissue only ; as a result, while resembling the rest of the organ in 
external appearance, it cannot discharge any renal function. This persistent 
and usually bilobed ‘ head-kidney ’ occupies a recess of a corresponding shape 
lying in front of the anterior wall of the air-bladder. The liver, whose form is 
always closely adapted to that of the surrounding parts, lies to a greater or 
less extent beneath the intestinal tract. 

The abdominal region in almost all Siluroid fishes is relatively short, 
the air-bladder extends at the sides and forms lateral cutaneous areas above 
the pectoral fins, the kidney is displaced from its normal position and caps the 
posterior part of the air-bladder, and the lateral lobes of the liver, which are 
displaced from their normal position, lie in peritoneal cul-de-saos situated 
anterior to the lateral extension of the air-bladder. 

With the forward extension of the anal fin, the body-cavity becomes 
stUl further reduced and as a result two organs, the kidney and the liver, 
encroaeh on the space usually occupied by the air-bladder, Aa a generalized 
example of the Silurid® Hateropter® we may consider the cose of the genus 
Bleeker which possesses a comparatively short anal fin. In very 
specim^ oi Pmgasim pcmgaMvs (Ham,), below fiO mm. in lengrii, the 
is extensive and its posterior portion m ^ of a small hollow 
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knob-like protuberanoe lies embedded in the tissues of the kidneys ; this part 
of the air-bladder I'eprt^senis the portion of the structure that has been squeezed 
from all sides to provide more space for the kidney. With the growth of the 
fish the knob-like structure develops into a tubular caecum and in the adult 
tlie air-bladder consists of an anterior large, oval chamber in which the length 
is greater than the breadth and a posterior long cjecum, constricted in one or 
more places, extending to the base of the caudal fin,' The portion of the 
cfiecum in the abdominal cavity, or in the earlier stages the whole of it, is 



Tbxt-xio. 2. — DisBOcf ion of the visceral organa of PangasitM pangasiutf (Ham.) and 
SUurua cochinchinensi/t Cuv. &, VaL, to show the disposition of the Uvor (L), the kidneys 
(K) and the air-bladder (A). 

a. Pangcunus pangasmti (Ham.) X f ; SUttriM eochinchinan^is Cuv. & Val, Nat. Size, 

surrounded by the kidneys which also extend laterally at the sides of the 
. anterior chamber. This condition has no doubt resulted from the fact that as 
the kidneys assumed their normal dimensions they pressed on the air-bladder for 
more and more space and towards maturity the pressure on the bladder seems 
to have been so great that a portion of it actually penetrated the muscles of 
the caudal region to ease the pressure for space in the abdominal cavity. 
Indian genera of the Silurid® Heteropterac may be grouped into three families — 
Sohilbeidae comprising PangaaiuSy Paeuimti^opiua Bleeker, Silonia, Ol^tpiaoma, 
Eutropikhthys Bleeker and Ailia ; Siluridaa comprising Wallago Bleekm*, 
CaUkhrms Ham., and Silums Linn., and Heteropneustidse * containing 


1 This aliso happ^ua iu certain spaoies of the genus Orypfopterus Bleeker (Family 
Siluridat). 

* Began (1911) iiiohuled this in the family Clariidie, but I (1936 a) hove given reaeona 
elBewbere that this genua i» oloaely i‘elated to the Bilurid«e and on oocount of it* epeciid 
featurcH should be teganled a« the type of a distinct family. 
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Heteropmmisa, The last two families and the Siluridce Homalopterm are 
oonsiderod first. 

According to the general body-form, the Siluridse may be divided into 
two sections, (i) in which the body is greatly compressed, such as Wcdla^o 
and Callichrous, and (ii) in which the trunk region is at least moderately 
depressed, such as Silurus. In the first two genera the air-bladder is co- 
extensive with the abdominal cavity ; it is deeper than broad and the lateral 
walls of its anterior part lie just beneath the skin. The kidneys cap a oonsider- 




TEXT*Fia. 3. — Air-bladdor (A) tiiid Kidneys (K) of WaUUmo ottu (Blooh) and 8Uur%ui 
Goahinchimnau Ouv, & Val. 

a. Wcdlago attu (Bloch), X If ; h, SUurus cochinchinemtia Cuv. & Val. X 21. • 

able part of its posterior portion. In Silurus, however, the air-bladder occupies 
only one-third of the length of the abdominal cavity and is broader than 
long. It is thick- walled, thereby showing that its utility is partly lost. The 
kidneys are fairly extensive and are broadened anteriorly into a oup-shaped 
structure in which is lodged the posterior part of the bladder. The liver 
(text-fig. 2 6) is also very extensive, especially on the left side, and lies closely 
pressed against the air-bladder. In Olyra McClelland, an aberrant genus for 
which I (1936) have proposed a separate family, the air-bladder, though 
very similar to that of SiluruSf is still further reduced. The disposition of the 
liver and the kidneys is very similar to that of SHuriis, except that the kidneys 
now extend almost to the areas of the skin beneath which lie the lateral walls 
of the air-bladder. 

If a jSfilwrwa-liko fish were to become greatly depressed, the space inside 
its body-cavity will be correspondingly reduced, and the forward push of the 
kidneys wopld result in the air-bladder assuming a transverse, tubular form, 
while to combat the forward thrust of these organs the bony elements would 
be developed in front of the air-bladder. Even in Olyra the b^finnings of a 
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Tkxt-fio. 4. — Air<blAd(ior (unshadocl portion) and ewjBOciated skeletal stnioturofi in 
Clana^ hiUwhiia (Linn,) and Het/eropmx^Us JosttUw (Bkmh), 

a, Cturia.i batrachus (Linn.). X 4 ; h. HeUropmttsUs fositilis (Bloeh). x 4. 

protective Iwny capsule are to be soon in the wing-like expansions of the 
transverse processes of the complex vertebra which partly envelop the anterior 



wo* 0. — Wing.liko expansiotm of the transverse of the eomplex vertebra 

in Mc<7leUand. X 7. 
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part of the bladder. In the hypothetical case taken above, the forward growth 
of the kidneys, however, would be checjked by the air-bladder and its bony 
capsules. The liver would also be able to extend laterally along with the 
bladder and come to lie ventral to it, beneath the skin in small extra-coelomic 
oul-de-saos. Owing to the space required for the liver, anterior to the bony 
elements, the * head -kidneys * would also be displaoed from their normal 
position and pushed outwards round the posterior part of the air-bladder. 
Such series of changes have, in my opinion, brought about the peculiar dis- 



TwxT-no. 6 . — DifMwction of the visoepal organs of PhtoHts oankiA Ham. and neterop-> 
n0U0iea fikisiUa (Blooh), to show the disposition of the liver (L), the air-bladder (A) and 
the kidneys (K). 

a. Ploio8U9 oaniu^ Ham. X | Beleropneustes foaeUisi (Blooh). x IJ. 

position of the liver and the kidneys in Heteropneustes (text-fig. 1 c). 

It is clear from the above that with the reduction of the body-cavity 
the kidneys encroach upon the sp4c© normally occupied by the air-bladder 
and thus set up a series of changes which result ultimately in the extrusion 
of small lobes of the liver and the kidneys into extra-coelomio spaces. With 
regard to the displacement of the liver. Bridge and Haddon have already 
noted (1893, p. 22fi) that 

‘ In nearly all Siluroids the lateral growth of the air-bladder, and the intimate relation 
of its outer walls to the lateral cutaneous areas, have led to the displacement of the lateral 
lobes of the liver and their enclosure within peritoneal eul -de-sacs, a oondition which some- 
times persists even in casee where the air-bladder has undergone partial atrophy.* 

Dutta (1924) showed that the extra-coelomio kidney in darias and 
Beteropnmsks is devoid of any uriniferous tubules, Malpighian capsules and 
glotnei^ and concluded that these facts * definitely and clearly indicate that 
thk p<H*tion of the kidney is a non-functional and degenerate organ \ Evidently 
he appears tp have overlooked the fact tUi^ody lefemd to above (mpra^ 
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p. 33) that in all teleostean fishes the anterior end of the kidney is usually 
converted into adenoid or lymphatic tissue, and though resembling the rest 
of the organ, it does not discharge a renal function. It has also been 
noted above that the ‘ head-kidney ' only is pushed outwards into the extra- 
coelomic sacs. The modified lymphatic tissue of the * head -kidney ’ probably 
discharges some very vital functions, as in spite of the lack of space for the 
extension of the kidney proper, it is being retained as a fairly large structure. 
In this connection it is very significant to note that the extra-coelomic portion 
of the liver has probably undergone no degeneration, as it was found by 
Dutta to bo histologically exactly similar to the normal portion of the liver 
inside the body-cavity. 

The SiluridflD Homalopterm may next be considered. These forms, 
besides showing an aniero-posterior reduction of the body-cavity, are 
characterized by the greatly depressed form of the body, similar to that of 
Heieropmustes. The throe Indian genera of this division — Ohaca Gray, 
Plotosus and CiariaSf are now regarded as belonging to throe different families 
which probably have no genetic affinity with one another. Chaca, with a 
greatly depressed form, has a relatively much more spacious body-cavity ; the 
disposition of the air-bladder, the liver and the kidneys in this genus is similar 
to that of Siluru9. In Plotosus (text-fig. 1 a) the bladder is considerably 
reduced, is broader than long and its lateral walls lie beneath the skin. As 
usual the kidneys cap its posterior portion, while lobes of the kidneys 
(presumably tlie ‘ head-kidneys extend laterally along the bladder and come 
to lie beneath the skin. The liver also caps the anterior part of the bladder 
and sends out broad lateral flaps, which in younger specimens come to lie 
beneath the skin. In Clarias (text-fig. 1 6) the disposition of the liver, the 
kidneys and the air-bladder is very similar to that described above for 
HeUropneusies, As in the latter genus the air-bladder of CHrias also is in the 
form of a fairly wide, horizontal tube which is partially enclosed in bone (text- 
fig. 4 a). 

So far I have considered the modifications undergone by the air-bladder, 
the kidneys and the liver consequent upon the reduction of the abdominal 
cavity both antero-posterioriy as well as vertically. During these changes the 
organs could only extend laterally into the muscles of the anterior region of the 
body wall. In the Schilbeidae the reduction of the body- cavity is effected 
through the compression of the body, resulting in the specialized genera of the 
family assuming a Clupeid form in which the body is greatly compressed and 
the ventral surface almost forms a sharp keel. PtmgasiuSt to which a reference 
has lieon made above {supra, p. 3), is, in my opinion, a generalized repre- 
sentative of the family Schilbeid®, so w© may start our series with that genus. 
In the course of evolution this genus, as I have shown eisewhere,^ gave rise to 

1 In my revision of the Indian Schilbeid» to be published in the Mse^rds of the Indian 
Museum for 1937 I have diseussed the systematic position cf Pan^asius end shown the 
evolution of most of the other genera from this generalised type. 
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veiy diverse forms. Some of these are discussed below. In Peeudetdropius^ 
as also in Eutropius Mtill. & Trosch., EcMlhe Cuv. and Silurandon Bleoker of 
Africa, the air-bladder is fairly extensive, in some forms it is co-extensive with 
the abdominal cavity while in others it is of the same nature as in SilurtiSi 
Olyra, etc., and the disposition of the liver and the kidney is also similar to 
that of either WaHago or Silurm (t)ide mpray p. 35). In certain species the 
lateral walls of the anterior portion of the bladder come to lie just beneath the 
skin and are to be distinguished externally as translucent, blister-Uko areas 
above the pectoral fins ; while in other forms the bladder is fairly thick -walled 
and occupies only one-quarter to one-half the length of the body-cavity. 

As the body- cavity became more and more reduced antero-poBtoriorly, 
as also laterally, important adjustments occurred in the disposition of the 
air-bladder, the kidneys and the liver. In Clupiaomi, for instance, the normal 
kidneys not only pushed the air-bladder forwards but are also extended over its 
ventral surface. The ‘ head-kidneys which wore displaced fix)m their normal 



Twxt-fici. 7. — Dissection of the visceral organs of Clupifiomi garwt (Ham.), to show 
the disposition of the liver (L) and the kidneys (K). x If. 

position, form lateral lobes at the sides of the kidneys within the ct)elomic 
cavity. Further, owing to the great reduction of the bo<ly-cavity in its ventral 
portion the liver was displaced into the dorsal portion of the cavity, and 
presses the air-bladder below. Under those circumstances the air- 

bladder of Clttpisoma Ijecame greatly reduced and flattened. In some other 
genera, however, such as Eutropnehthys and AiHa, the liver appears 

to have exerted more pressure on the air-bladder from below and the normal 
kidneys pushed it from behind so that it became greatly reduced and its central 
area tecame more or less solid or disappeared altogether. In young specimens 
oS SUmia the air-bladder consists of a small, rounded structure with the normal 
kidneys capping its posterior part and the liver making a fairly broafl depression 
in its middle. With the growth of the fish the kidneys extend forwards and 
the liver impinges on the air-bladder from below with the result that the bladder 
ultimately be«5>mes divided into two portions, slightly united anteriorly, 
which csome to lie in deep recesses formed in the transverse processes of the 
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complex vertebrae. The Miead-kidneys * are in their normal position anterior 
to the air-bladder. In Eutrojnichthye the air-bladder is tubular and horse- 
shoe-shapod, but its posterior part is covered by the kidneys which provide a 
wide (lepression on the ventral surface for the liver. Even here the * head^ 
kidneys ’ are in their nonnal position. In Ailia^ the most highly compressed 
hsh among the Indian Schilbeidae, the tubular, and horse-shoe-shaped air- 
l>!a,dder is covered anteriorly by the ‘ head-kidneys ' and posteriorly by the 
normal kidneys which extend on the sides and occupy a considerable area in 
front of the posterior boundary of the air-bladder. Only a small portion of 
the air-bladder, however, is seen between the kidneys. The anterior part of 
the air-bladder is covered by a bony structure which now separates the ‘ head- 


Text-fio. S. — Disposition of the kidneys (K) and the air-bladder (A) in oertoin Indian 
genera of the Srhilbeiche, 

a, Fani/miiut pangaaitut (Ham.), half-grown apooimen with a portion of the air-bladder 
extending into the caudal region. xf ; 6. SUonia HPundia (Ham.), young speeimen, 1S5 
mm. in total length. X 1} j c. £!ufropiichtfiyti vacha (Haro.), young speoimen, 140 mm. in 
total length, x H ; d. Ailia coila (Haro.), half-grown specimen, S8 mm. in total length. X SJ. 

kidneys ' from tlus vital part of the bladder itself. Though Ailia and 
Eutropiichihys are probably not very closely related forms, the similarity in 
the structure of their air-bladder appears to have been induced by similar 
ckcumstances. 

Reference may here be made to an extra-Indian form, the Siamese genus 
Plaiyiropitts Hora,^ as it exhibits remarkable modifications. I have shown 
that its air-bladder is greatly flattened dorso-ventrally and has assumed a 
more or less Icaf-like fonn.^ The kidneys in this case lie in their normal 
position dorsal to the air-bladder but are greatly flattened. The * head- 
kidneys ’ situated in their nonnal position, 

I Genotype : Psetuttu^ropius riomenris Sauvage, This new g«nus will shortly be 4e- 
sonbed in the Journal of tlte Siem Society, Natural IHstory Supplement. 

: lu Oeteogmioeus^ in which the air-bladder is more or lei^ of the some i^)e as that 
of the tUsposition of both types of kidneys k also simte 





UYISE, ETC. IN OHKTAIN SILUBOID JflSHHS GF INDIA. 4l 

From the modifioations detailed above it ie olear that for the peculiar 
disposition of the liver and the kidneys the initiative is provided by the for- 
ward extension of the caudal region and the consequent reduction of the 
space in the body- cavity. The necessary adjustments for the accommodation 
of the various organs in the reduced space are effected in various ways, mainly 
depending on the form of the body-cavity. In dorso-ventrally flattened 
forms there is a lateral extension of the organs^ and the lateral portions of the 
air-bladder, the liver and the kidneys all come to lie just beneath the skin, 



aA I 

0 . — Platyihpim (Sauvoge). 

a. Disseotion of th© visceral organa Ik> ahow the disposition of the iiver (L) and tlie 
air-bladder (A), xl} ; 6. Disposition of the air-bladder (A) and the kidney « (K). x6}. 
Dotted line represents the extent of the kidneys dorsal to the air-bladder or the 
pbrtion of the kidneys covered by the air-bladder on the ventral surface. 

as in PlotoBti8, Clarias, Heteropneuates, etc. If, on the other hand, the body 
is compressed from side to side the kidneys may lie in their normal position 
under a veiy much flattened air-bladder as in FUUyiropimy or may gradually 
push the air-bladder forwards till the latter, unable to expand laterally, becomes 
reduced to form a narrow horse-shoe-shaped tube, as in certain genera of the 
8<fliilbeidss. 1 am of opinion that no special physiolo^cal value can be attached 
to these anatomical features which are obviously the result of a morphological 
ad^^Stmi^t 0 ^ upon Ihe reduction of the abdominal cavity. The air- 

Madder does not appear to be an organ of primary importance in the economy 
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of life of these fishes, and whenever more space is required, either for the liver 
or the kidneys, nature provides it at the expense of the air-bladder. 


Summary. 

The present views with regard to the peculiar disposition of the liver and 
the kidney are given and it is indicated that though no satisfactory solution 
of the problem has yet been suggested, the shortening of the body- cavity has 
been assumed to be the main cause both by Bridge and Haddon and Dutta, 
wheroi^s Weber attributed the peculiarities to the lateral expansion of the 
air-bladder. 

Gunther’s system of classification of the Siluroid fishes has beeni followed 
in this article as a matter of convenience. Generally in the Siluroid fishes 
the body-cavity is small and the liver and the kidneys are somewhat dis- 
placed from their normal position. In Siluridas Heteropterae, in which the 
dorsal fin is short and the anal fin long, the changes in the form and dispoiiitiori 
of the air-bladder, the liver and the kidneys are dealt with in a prog^wsivo 
series from a primitive form like Pangasins to such highly specialized genera 
as Clupisoma, EuiropOchthys and Ailia of the Sohilbeidae and Hderopne%t^tes 
of the Heteropneustidae, The changes due to compression and depression 
of the body are shown to be of a very different nature ; in the Sohilbeidse, in 
which the body is compressed, the air-bladder becomes greatly reduced and 
in extreme oases forms a horse-shoe-shaped tube, the functional kidneys may, 
wholly or partly, extend over the reduced air-bladder, while tto liver is pushed 
upwards and presses on the air-bladder. In Heteropne^tidfis, in which the 
body is depressed, the air-bladder assumes the form of a fairly wide tra^verse 
tube which extends laterally to the skin ; along with the air-bladder, the liver 
and the kidneys also extend laterally and come to lie beneath the iSkin on 
the two sides o{ the air-bladder. In the throe Indian genera of the Spuridae 
Horaalopterae, Chum, Phtmua and Clarias, the body is greatly depTiessed ; 
their air-bladder, kidneys and liver show a series of changes leading to the 
condition described in the Heteropneustidse. Reference is also made to the 
modifications observed in PhUytropiua, a Siamese genus. 

It is concluded that the main cause of these modifications is the shortening 
of the body-cavity and the subsequent adjustment of the organs within the 
short space available. 
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CHEMICAL EXAMINATION OF THE SEEDS OF CLEOME 
PENTAPH7LLA LINN. PART I: ISOLATION OP 
CLEOMIN. 

By Ram Nath Misba and SiKHiSHtrsHAN Dtjtt, Chemical Lafxyraitoriea^ 
The University^ AUahabad. 

(Read January 5, 1937,) 

Cleome pentaphytUi Linn, or Gynandropsi^ pentaphylla. DC. is a plant 
belonging to the natural order Capparidese and is called Hurkur in Hindustani^ 
Hurhuriya in Bengali, and Surjdvarta or Arkapuahpika in Sanskrit. It is a 
oornnaon weed throughout the warm parts of India and is very common in 
Ceylon in waste and in cultivated land. 

As regards its medicinal properties it has been used in Indian medicine 
for a very long time and the seeds, leaf, and tlie roots are all made use of. 
Sir W. Jones thinks that it promises antiapasmodic virtues and according to 
Dr. Wright the bruised leaves are rubefacient and vasicant. The expressed 
juice is popularly known as an a|)plication for otalgia, both in India and in 
the West Indies, where also the plant is indigenous. The seeds are anthelmintic 
and rubefacient and are internally used for exix>Uing round-worms and exter- 
nally as a counter-irritant. The juice of the leaves is used in otalgia and the 
leaves are put on boils to prevent formation of pus (Kirtikar and Basu, Ind^ 
Med. Plants^ 1918, I, 101). A decoction of the roots is said to be a mild 
febrifuge. 

Regarding the chemical properties of this highly interesting drug practically 
nothing is known. Hooper found that ' the seeds yield to ether about 25% of a 
thick, greenish, drying oil, having an Acid Value of 6-4, Saponification Value 
194*6, Iodine Value 119*5 * (Ann. Sept Indian M'useum, huiustfial Sectim, 
1908-09). The present authors made a systematic examination of the seeds, 
as a result of which the active i>rinciple has been isolated in a state of purity 
(0*26%) ; a fixed oil (22*0%), which will be described in a subsequent paper ; 
taimins (1%) and reducing sugars. The active principle has been named 
ehomin after the generic name of the plant from which it has been derived. 

Gleomin has a molecular formula It gives a dull reddish-yellow 

oolotar with alcoholto ferric chloride, but no precipitate with lead acetate, 
basic lead acetate, silver nilarate or mercuric chloride. It forms a mono- 
acetyl and a mono-benzoyl derivative. The memo-methyl derivative could 
not be obtained in a crystalline condition. Thus there must be one oxygen 
atom as an hydroxyl group. Cleomin did not show the presence of any 
aldehydio or ketonio groups, since it does not react with hydroxylamine, 
idmnylhydrasdiie, or semi-earbazide ; nor does it reduce Febl^’s solution. 

m III-^o. X. [FubMied Aprfi 7th, 



40 B. jr» MISBA & 8. butt; OHBMIOAB BXAmNATION of thh 

ToUen'g reagent was gradually reduced by it. It dissolves in alcoholic oaustio 
|K>ta8h on warming to a beautiful yellow coloured aolution, and is reprecipi- 
tated on acidification. It gives no colour with alcoholic potassium nitroprus- 
side. These reactions, which are shared by some of the natural lactones, at once 
place cleomin in the class of • P unsaturated lactones, which were first of all 
studied by Thiele (Ann, 1901, 329, 166), and more exhaustively by Jacobs 
and collaborators (of. also Spath and collaborators, Ber. 1931, 2203 ; 1933, 
749, 914, 761). Thus out of seven oxygen atoms three have been accounted 
for, one in the liydroxyl group and two in the lactone group. 

In this connection it is very interesting to note that from a series of Indian 
medicinal plants which are reputed to possess anthelmintic properties sub- 
stances of the nature of a lactone have been isolated. Thus, Sen isolated 
corchoiitin from jute seeds (JJ.C.8. 1931, 661) ; Dixit and Dutt, marmelosin 

from Aegk Marmelos [JJXjB. 1930, 7, 759) ; Agarwal and Dutt, a-elaterin 
from Gitmllua Cclocyvihis {Proc, Acad. Sc. U.P., 1935, 3, 260) ; and Agarwal 
and Dutt, cuscutalin from Cuscuta Beflexa {JJ.C.S. 1936, 12, 384, 686). 
However, the physiologicaf examination of cuscutalin and cleomin which is 
in progress in our laboratories will probably throw more light on this aspect of 
the problem. Further work to elucidate the constitution of cleomin is in 
progress and will be communicated shortly. 

Bxpxeimbntal. 

2 kg. of a genuine sample of Ckome pentaphylla Linn, was obtained from 
the neighbourhood and dried completely in shade. It was then crushed finely. 
A sample when burnt completely in a porcelain dish left 8*2% of a brownish 
white ash consisting of 18*2% water soluble and 81-8% water insoluble portions. 
The following inorganic elements and radicles were detected in the ash : — 

Na, K, Mg (traces), Ca, NQ„ PO4, and silica. 

In order to obtain an idea of the soluble portions of the drug a sample of 
the dried and crushed material was exhaustively extracted in a Soxhlet's 
apparatus using various solvents successively, when the following amounts of 
extracts dried at lOO^C. were obtained : — 

Benzene extract : 22%, consisting of a light green oU. 

Chloroform extract : 1-36% consisting of a greenish S3rrupy guisamy 
material. 

Ethyl acetate extract : 3*0%. A dirty brown extract was obtomed giving 
a bluish colour with ferric chloride amd a copious precipitate with lead acetate. 

Acetone extract: 2*2%, a brownish sticky extract having properties 
similar to the alcoholic extract. 

Alcohol extract : 4*8%, consisting of a brown semusolid material which 
on keeping deposited minute crystals of a <^raoteHstic^ }^ The 

extract was found to contain tannins, and mduoii^g and gave 
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^ green colour with alcoholic ferric chloride, reduced Fehling’s acdution, gave 
a flocoulent precipitate with alcoholic lead acetate and basic lead acetate* 

The main bulk of the powdered material was then extracted in a large 
extraction flask with benzene repeatedly, till a portion of it was found to leave 
no oily residue on complete removal of the solvent by evaporation. The oil 
thus obtained amounted to 445 gms. and was worked up separately. The 
defatted mass was freed completely from benzene and then extracted exhaus. 
tively with boiling ethyl alcohol. 

Isolation of Cleomin . — ^The various alcoholic extracts of a light brown 
Hoolour were combined together and concentrated whereby a syrupy residue 
was obtained. This on standing for about three weeks deposited cleomin 
as a pale yellow crystalline powder melting with decomposition irregularly 
between 220-227 '^C. This was Altered from the syrupy mother liquor over a 
^ump with a good suction. The crude stuff thus obtained was then crystallized 
from a very large quantity of alcohol. The Anal puriAoation was effected by 
reorystailizing it several times from aqueous pyridine, from which it was 
obtained in clusters of needles. These under a powerful microscope revealed 
plates with hexagonal ends. Cleomin can also be crystallized from alcohol 
in characteristic lens-shaped crystals. In this manner 2*8 gm. of the Anally 
puriAed material of a very light yellow colour was obtained. On heating it 
changes colour between 230-240® to dark grey, shrinks at 243®C., and melts 
completely with decomposition at 246-246®C. 

Properties of Cleomin , — Cleomin is a light yellow crystalline substanoe 
soluble in pyridine, very little soluble in ethyl and methyl alcohols, acetone, 
ethyl acetate, and glacial acetic acid ; totally insoluble in benzene, ligroin, 
petroleum ether, chloroform, carbon tetrachloride, carbon disulphide, and 
water. It dissolves in hot alcoholic caustic potash and caustic soda solutions 
giving a beautiful yellow coloration from which a wiiite precipitate is thrown 
“down on acidiAcation. It decolorizes bromine water and a dilute solution of 
potassium permanganate. It gives a positive Salkowsky's reaction, i.e. a 
solution of cleomin in pyridine and cone, sulphuric acid gives a red and Anally 
a green coloration. In cone, sulphuric acid it dissolves giving a light pale 
yellow colour, which on warming gradually turns from various shades of reddish- 
yellow to green and on heating further changes to a deep bluish- violet colour 
with greenish Auoresoenoe and Anally a deep violet ; from the solution a floc- 
culent precipitate separates on addition of excess of water. This reaction is 
very sensitive and can be utilized for detecting minute quantities of cleomin. 
Whereas a neutral solution of potassium permanganate is deoolcH*ized only 
•slowly, it is immediately decolorized in the alkaline state. Gleomin is not 
acted upon by hydrochloric acid while cold, hot, or even boding. In nitric 
add it is soluble to a deep red coloured solution with scane effervescence. 
I^om the solution a white flocoulent deposit is thrown down on dilution with 
wi^^ #ith* Tollen'8 reagent colour develops on womung and posses gradually 
tluro grey, to Anally black with separotioii of metaUio 
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silver. It does not give a j>ositive reaction with sodium nitroprusside, nor a 
positive Keller-Killiani reaction. It gives no precipitates with lead acetate, 
basic lead acetate, silver nitrate, or mercuric chloride. (Found : C, 61 '56, 
61/38, 6142 ; H, 4-91, 4*70, 4*53 ; M.W. (Rast's camphor method) 363, 368, 
320 ; Ci7Hi407 requires C, 61*8 ; H, 4*2 ; M.W. 330.) 

For the determination of the molecular weight we were confronted with 
unforeseen difficulties. The ordinary eryoscopie and ebullioscopic methods 
were rendered useless on account of the exceedingly small solubility of the 
substance in almost all organic solvents and its total insolubility in most of 
them. It was only the liast's camphor method which gave a series of con- 
cordant values. 

M(mo-QceXyl Cleondn , — Cleomiu (1*0 gm.) was suspended in acetic anhydride 
(5 oc.) along with fused sodium acetate (2 gm.), and the mixture refluxed 
over a sand bath for three hours. The resulting mass was then poured into 
water when a. thick oily layer deposited at the bottom. The oil solidified on 
repeated washing with water and standing. The colourless amorphous mass 
thus obtained was filtered and reorystallized from 80% acetic acid. In this 
manner it was obtained in soft colourless needles of m.p. 176-76*^0. It was 
found to be easily soluble in methyl alcohol, ethyl alcnhol, glacial acetic acid, 
acetone, and ethyl acetate, and was insoluble in benzene, petroleum ether, 
chloroform and water. It gave no colour with alcoholic ferric chloride. 
(Found : C, 6M1, 61*23 ; H, 6*14, 5*01 ; requires, C, 61*3, H, 4*30.) 

MonoX)enzoyl Clemnin . — Cleomiu (‘Bgm.) was dissolved in pyridine (10 oc.) 
and benzoyl chloride added drop by drop with continuous shaking, till in 
sufficient excess. The red coloured mass was then poured into water and 
treated with sodium bicarbonate to remove the benzoic acid formed. The 
nssulting oily layer solidified on long standing and crumbled to a fine powder 
of a brick-red colour. On crystallization from metHyl alcohol it deposited 
colourless clusters of nodules. These on heating shrink at 179^^ and melt 
completely at 182-83*^0, (Found : C, 66*1, 66*16 ; H, 4*8, 4*92 ; CajHigOg 
requires C, 66*36, H, 4*16.) 

Mono-methyl Cleomin . — Cleomin (*64 gm.) was dissolved in 10% aqueous 
caustic soda (60 oc.) and treated with excess of dimethyl sulphate in instal- 
ments keeping the solution always alkaline. On shaking the mixture a gre 3 dah 
black oil separated which failed to solidify. It was repeatedly extracted with 
chloroform but no crystalline derivative could be obtained. 

Saponification of Okomin. — Cleomin (*2730 gm.) was dissolved in 30 cc. 

N 

of I a'5*^oholic caustic potash and refluxed for 2 hours. The resulting bright 

yellow coloured solution was then titrated with standard hydrochloric acid 
in order to estimate the amoimt of unreacted alkali, A blank experiment 
was done in order t>o minimize the error. The neutralized solution on further 
addition of acid deposited a white crystalline powder which on reorystellization 
from aqueous methyl alcohol gave microscopic needles of M,P. 240''C. This* 
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was identified to be cleomin. A mixed melting point with the authentic 
sample remained undepressed at 24()"'C. (Found, Neutralmition Value 103, 
calc, M.W, 309 ; requires, Neut. Value 1 10, M. W. 330, ) 

The mother liquor after separation of cleomin as described above was 
t hen diluted with ethyl alcohol and treated with excess of an alcoholic aohition 
of lead ac^etate. The resulting yellow precipitate was filtered and washed with 
alcohol and decomposed in alcoholic suspension by hydrogen sulphide. The 
filtrate from the precipitated lead sulphide gave a tarry dark coloured mass 
which answered to all reactions of tannins. 

The filtrate from the lead salt was concentrated after freeing it from 
excess of lead, and on standing yielded a ftirther crop of cleomin crystals, This 
was purified in the usual manner. The mother liquor from this gave all 
reactions of reducing sugars and an osazone was prepared. This melted at 
203 °C., showing the presouco of glucose in the seeds. 

One of the authors (R. N. M.) is highly grateful to the ‘ Kanta Prasad 
Research Tinist ’ of the Allahabad University for grant of a scholarship which 
enabled him to carry out the investigations. 
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Sympodam on the Problem of ffitrogmi Supply to 
Indian Soils. 


The Council of the National Institute of Sciences in India considered that 
a symposium on the nitrogen problem of Indian soils would be very opportune 
as it would focus attention on the problems for scientific investigation and on 
the progress already achieved and would also stimulate further work on this 
most important problem of practical agriculture. Prof. J. N. Mukherjee 
was requested by the Council to arrange the s 3 rmposium which was held in 
Calcutta on the 29th and 30th of August, 1036. Brigadier H. J* Couohmon, 
D.S.O., M.C., President of the National Institute of Sciences, presided. 

Indian soils are known to be deficient in nitrogen. They are also generally 
deficient in organic matter. Together these deficiencies constitute one of the 
main problems of practical agriculture in India. But unmanured or poorly 
manured soils have continued to yield in many instances more or less the 
same average yield of crops. The recuperation, loss and supply of nitrogen 
has, therefore, attracted in recent years a gootl deal of attention from scientific 
workers in India. The problem of the disposal of molasses and bagasse 
confronts the sugar industry of India and their possible utilisation for increasing 
the productivity of the soil is also receiving considerable attention. 

The papers numbering nineteen read at the Symposium by workers from 
different parts of India and Burma may be classified for convenience, though 
somewhat arbitrarily, under the following heads: — 

A. Recuperation and Loss of Nitrogen (k)ntent8 of Indian Soils, 

B, Nitrogenous Manures. 

G. Analytical Methods. 

1>. Nitrogen Status and Pedological Factors. 

A 

1, Prof. Dhar has in recent years raised a point of fundomentel scientific 
and phUosophic interest regarding the part played by photo-diffUhesut and ph&to- 
in the recuperation as also the loss of nitrogen in tropical soils. While 
not Snoring the part played by bacteria in these processes be emphasiees 
that the our^nt bi^stetial theo^ ^ores altogether the possibilities of photo- 
chemioal action, Ke and his wllaborators have given data in several public- 
ations shoinrihg beyond doubt an increase in available and total sofl niticgen 
and crop JieMs folbwdng the application of materialrioh in carbohydrates, 0,g., 
mobsses. ' Qellttloaio sabstanoes, oow-dung, spdlam salts of h^ 

etc., mixed with soil alsb lead to nitrt^n fixati<m, His basso 
ideas may 
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The oxidation of oarboliydrates can induce the photo- chemical fixation 
of nitrogen even in the ab«en<M? of micro-organisms when suitable catalysts 
or photosensitisers arc present. Thus it is stated that when a current of air 
is passed through a solution of carbohydrates, e.g., glucose or cane-sugar in 
presence of ferrous hydroxide, as much as 4 mgms. of nitrogen arc fixed as 
ammonia per gram of glucose or cane-sugar oxidised. The efficiency is 
comparable to that obtained with cultures of Azotobacter thriving in flasks. 
It has been reported that the number of Azotobacter in the soil receiving 
sunlight is much less than in that kept in the dark, although the ammoniacal 
and total nitrogen contents of the former are greater than those of the latter. 
The humus and the moisture contents of the plots to which molasses has 
been added are greater than in the control plots. It is hardly necessary 
to mention that the accuracy of such experiments depends on the care taken 
in purifying the air. According to Dhar soil can also act as a photo- catalyst 
in this reaction and molasses can bo substituted with good results for the 
carbohydrates in field experiments. Molasses also produces a residual effect 
on the soil nitrogen. Besides, potash, phosphate and lime contained in 
molasses render it a desirable fertiliser. The acids produced by oxidation, 
bacterial or photo- chemical, greatly ameliorate alkaline soils such as are met 
with in the United Provinces, Punjab and Mysore. 

Dhar has investigated in detail the photo-oxidation of ammonia to norite 
and the y^art played by the deciomposition of ammonium nitrite formed from 
ammonia and nitrite in the loss of nitrogen in the elementary gaseous form. 
Dhar and his collaborators also give an account of the rdle played by the 
photolysis of nitratiC and recombination of nitrite with oxygen in the presence 
of light to form nitrate in the soil. This aspect is dealt with in a paper by 
Dr. Gopala Kao. Dhar further postulates that the C : N ratio has a significance 
different from what is usually ascribed to it. Mention has been made of the 
dependence of the fixation of nitrogen in soil on the energy obtained by the 
oxidation of organic matter by the various agencies at work, viz., bacteria, 
sunlight, inductors and catalysts. He suggests, moreover, that easily oxidis- 
ablc carbonaceous materials such as carbohydrates hinder ammonification and 
nitrification and thus prevent, when present in excess, the loss of nitrogen from 
the resulting ammonium nitrite and promote the conservation of nitrogen in 
the soil. The general character of this retarding influence is emphasised and 
it is concluded that the C.; N ratio in soils is not controlled by the enei^ 
requirements of the micro-organisms but is regulated by the with which 
the nitrogenous substances are oxidised by air in presenoe of other types of 
carbonaceous substances. These ideas form the basis of a correlated presenta- 
tion of the work done at Allahabad in relation to the recupeiration, loss and 
supply of nitrogen to the soil. Whatever differences of opimon may exist 
regarding some of the theoretical postulates and the odacluiive nature of 
some of the experiments, there is no doubt that the wodc at Allahabad has 
given a great impetus to the scientific study of the nitrogen problem of soils. 
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In mnnmiion with the paper by N. M. Dhar, S. K. Mukherji, S, V. Sesha- 
charyulu, and S, P. Tamlon ^ : 


Disou.ssiok 

ProJusaor V. Subrahmanyan (Bangalore) remarked that it waa not clear 
whether micro -organiama weitj entirely excludwl from the expt^rimentii with the 
catalysts and photosensitiflera. In any case, Tnicro-organiams are present and 
are active under soil conditions and the precise extent of their contribution 
(both by themselves and in preaence of the catalysts or photosensitisers) is 
to be ascertained Iwfore concluding that they are inefficient. In Bangalore, 
an attempt was made by C. R. Harihara Iyer, R. Rajagopalan and the speaker 
to ascertain the relative contributions of micro-organisms and chemical oxidisers 
in bringing about soil oxideitions anil it was found that the micro-organisms 
were very much more active than the chemicals. It was also observed that 
microbial action was, to some extent, enhanced by the presence of chemical 
oxidisers such as manganese dioxide and ferric oxide. 

There is no doubt that molasses assists in nitrogen fixation, hut its con- 
tribution is not always so much as observed at Allahabad. At Bangalore 
it has been found to be very much loss, the nitrogen fixed being equivalent to 
oiily lbs. for every ton of molasses. Mohisses is fairly rich in potash, 

but it is comparatively |>oor in phosphates. The obst^rvations regarding the 
production of organic acids are in agreement with the findings in Bangalore 
and elsewhere and it is probable that they are chiefty reH|)o^sible for the 
reclamation of alkali land. Judging from the nature of the acids, it is very 
doubtful, however, if the reclamation will be permanent. There is a greater 
formation of acids under anaerobic than in aerobic conditions. Acid production 
in the soil is essentially a biological process and does not take place through 
direct oxidation as envisaged by Dhar et al. To be precise, there is both 
reduction and oxidation, the former yielding methane and the latter carbon 
dioxide and the acids. This is typical of most biological fermentations. 

The data regarding the photo-oxidation on ammonia and ammomum 
salts would require checking. No figures are available regarding the actual 
quantities of ammonium nitrite produced in the soil from time to time. More- 
over, it is not clear whether any attempt was made by the authors to collet^ 
«md estimate the nitrates moving into substrata of the soil, especially after 
watering or rain as the case may be. The plots covered with zinc sheets 
would not have suffered from this disability and would naturally have con- 
tt^ed more nitrate at the surface than the exposed ones. The possibility of 
volatilisation as ammonia is also to be reckoned with before considering losses 
and before enunciating any theory regarding the mechanism of the loss of nitre - 
gen. The wca^k of S. N. Gundu Bao at Bangalore would indeed suggest that at 
iemperaturaa of 30® and above, nitrogen added as ammonium salts is, to a 
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oonaiderable extent, lost as ammonia. The theoty regarding the loss of 
nitrogen from manure heaps (which is similar to the one wliich has been 
postulated by some previous workers) would also require modification. In this 
cose, the evidence is very clear, as may be demonstrated by holding a piece of 
moistened red litmus for some time over a heap of decomposing manure. 

The observations relating to available nitrogen of soils, as also the influence 
of temperature on the carbon -nitrogen ratio, have not been generally sub- 
stantiated by other workers. This divergent observation is probably due to 
the nature of the technique adopted by the authors. Some standardisation in 
this direction will be highly useful. 

Mr. T. J. Mirchandani (BihA*) said : He had been able to confirm some 
of the observations of Dr. Dhar. He observed that the pH of alkaline soil 
went down from 8*26 to normal when the soil was treated with 5% molasses. 
Regarding nitrogen, though in his experiments he noticed a fixation of 4- 9 
mgms. per 100 gm. of soil, the effect was temporary. There was a loss of 
nitrogen after 8 weeks of incubation. 

Dr. Gopala Rao (Waltair) said : There was no doubt that the organic 
acids formed from the sugar in the molasses neutralised the alkali and helped 
to reclaim the alkaline soils but he doubted whether the reclamation could 
be permanent as the oxida tion of the organic acids would leave behind the alkali. 


2. Dr. Gopala Rao and Mr. Murty described some interesting experiments 
showing that when a glass vessel containing a solution of KNOg is exposed to 
sunlight there is no photolysis but in the presence of ignited ferric oxide photo- 
lysis takes place. Potassium nitrate in the presence of ferric oxide does not 
react in the dark. Sterilised soil also acts as a photo-catalyst in this reaction. 
Further, when ammonia in the form of ammonium chloride is added to a 
mixture of potassium nitrate and ferric oxide or red soil it is oxidised to 
nitrite. The rate of oxidation decreases as the pH increases. 

Ill conimtion with the pa^er by Gopala Mao and K, S, Murty ^ : 

Disouasioj? 

Prof. V. Subrahmanyan (Bangalore) remarked that while it is true that 
nitritos are readily oxidised to nitrates in the soil, the reverse does not occur 
except in presence of abnormal quantities of fermentable organic matter. The 
nitrite content of the average soil is generally so small (often under two 
ports per million) that most workers of the present day do not make a separate 
estimation of that form of nitrogen. Furthermwe, when considering the 
transformations of nitrite, the reaction of the medium has to be taken into 
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consideration. Nitrite is highly unstable in acid media, moderately so under 
neutral conditions and quite stable in alkaline medium. While admitting 
the fundamental significance of the findings of Dr. Gopala Rao and his ooUeague, 
it is rather difficult to make out as to how they can be applied directly to 
the soil conditions. 

Dr. G. Gopala Rao (Waltair) said (in reply to Prof. J. C, Ghosh) : The 
reaction N 0 g'-^N 02 '+( 0 ) — 81 calories is endothermic, occurring with an 
absorption of energy of 81 cal. per gram molecule of nitrate reduced. This 
amount of energy corresponds to a quantum of radiation of wavelength 3500 
;iA. Experiments showed that there is very little reduction with light of wave- 
length greater than 3000 A. But in the presence of ferric oxide or sterilised 
soil the reaction can occur in light transmitted by glass — ^the energy associa- 
ted with a quantum of light in this region is much less than 81 cal. 

He (the author) suggested that in the presence of a heterogeneous surface a 
part of the energy required is obtained from the reacting molecule adsorbed on 
the surface of the catalyst, the other part being supplied by a quantum of light 
of longer wavelength. It might be of interest to note that the critical energy 
increment of a reaction in the dark is much less in the presence of a heterogene- 
ous catalyst than when it is occurring in a homogeneous medium. 


3. Rao Bahadur Sahasrabuddhe summarised the work that has been 
done at Poona ^ with a view to explain the maintenance of fertility of soils 
of the arid and semi-arid tracts of the Bombay Deccan in the absence 
of manure with reference to the available nitrogen. He concludes that 
there must be considerable fixation of nitrogen from the atmosphere. The 
amount of nitrogen fixed increases with the moisture content. An optimum 
temperature is indicated. The fixation goes on even in darkness and no defi- 
nite relation between the intensity of light and the fixation has been observed. 
Sugar has a beneficial effect provided that the proportion of the original 
organic matter is small and it has also a deleterious effect on the nitrifying 
power of the soil. Alkali salts are harmful but in one case they have been 
found to exert a stimulating effect. Field experiments confirm the laboratory 
results. Definite evidence has been obtained of the recuperation of nitrogen 
under field oonditions in the dry farm tracts of the Bombay Deccan. The 
moisture added by the monsoon rains is beneficial. A peak in the nitrate 
and nitrite nitrogen content is observed about August. Organic and phos- 
phatic manures have also a beneficial effect. The author has emphasised 
the necessity of correkUng the nitrogen content with the concomitant 
such as moisture and temperature. The results point to bacterial 
activity befag the main footor in the recuperation of soil nitrogen. 

^ ^ 

^ a k the ikt, see p. 73. 
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4. In tho absence of the author, Prof. V. Subrahmanyan road the paper on 
the VicissitudeH of Nitrogen in the Soil System by Ilao Bahadur Viswa Nath * 

There are periodical increases and decreases of nitrogen in manured as 
compared with similar unmanured plots in Coimbatore. The rate of nitrifica- 
tion and the accumulation of nitrates is greatest with ammonium sulphate, 
lea,st with cattle manure and intermediate with green manure. While such 
results are expected it is pointed out that it is difficult to explain the loss of 
nitrogen which occurs chiefly in the end-product stage. There is no evidence 
of the movement of nitrogen into the deeper layers and of moisture satura- 
tion leading to denitrification. Tho nitrogen loss follows the peak value of 
nitrogen accumulation. Experiments with cane-sugar and sodium nitrate 
show that there are varying degrees of losses of nitrogen but there is little 
change with nitrate alone and the amount of loss increases as the C : N ratio 
is lowered. The loss of carbon is a funf^tiou of the C : N ratio. In soil cultures 
containing sugar and no nitrate, the loss of carbon has l)een associated with the 
fixation of nitrogen from the atmosphere to maintain the ratio at about 10 ; 1. 
In the experiments using sugar and nitrate in varying proportions there is a 
loss of nitrogen and the action of entirely diiferent biological agencies is con- 
sidered to be indicat^wi. Denitrification is inadequate to aocoimt for the loss 
and photochemical decomposition can explain fixed losses but there must be 
some other factor. 

In conmcAim with the paper by B, Vimm NcUh ^ : 

Discussion 

After reading the jmper, Prof. Subrahmanyan observed that it would not 
be fair to tho author to discuss the paper in his absence. He wished, however i 
to point out that the Rao Bahadur’s observations were generally in agreement 
with those of Dr. A. Sreenivasan and himself. Similar loss of nitrogen was 
also observed under water-logged soil conditions, the loss coinciding with the 
accumulation of ammonia in the medium prior to commencement of nitrifica- 
tion. As indicated in his comments on Prof. Dhar’s paper, it would be useful 
to determine the extent of volatilisation of ammonia from the soil from time to 
time. Such a loss may bo, at any rate, one of the unknown factors referred 
to by the Rao Bahadur. The concluding paragraph of the paper which is of 
the iiattire of a generalisation appears to have been based on results which 
were not given in the text. 

Prof. N. R. Dhar (Allahabad) said : He was gratified that the author 
had accepted tho explanation of nitrogen loss from soils under aerobic conditions 
as advanced by himself and collaborators {Naturey 1934, 134^ 572 ; J. Indicm 
CAew. Soc., 1936, 12, 67, 766). He referred to the mechanism of the loss of 
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nitrogen in the gaseous form postulated by him and stated further that in 
acidic soils nitrous acid was formed which underwent decomposition and also 
increased the decomposition of ammonium nitrite. This explanation of 
nitrogen loss held good under all conditions when the soil was manured by any 
nitrogenous fertiliser. 

The greater loss of nitrogen from soil manured witli ammonium sulphate 
than with green and cattle manures were easily explained. In green and cattle 
manures carbonaceous substances ret^irded the processes of ammonification 
and nitrification and nitrogen loss. The increase of total nitrogen with green 
and cattle manures observed in several cases pointed to the fixation of atmos- 
pheric nitrogen and that his view points gave a satisfactory explanation . The 
observations of Sahasrabuddhe and Bal showing an increase of nitrogen under 
field conditions were clear from his results on the nitrogen fixation due to the 
oxidation of oelluloaic materials. When comparative experiments were carried 
out, it was observed that the fixation in sunlight was greater than in the dark 
or diffused light. 


5. Kao Saheb Bal gave an account of the fluctuation of organic nitrogen 
content of black cotton soils. ^ Considerable fluctuations and both loss and 
recuperation of nitrogen are observed in agreement with similar observations 
in the case of soils of the Punjab and of the Bombay Deccan. The organic 
nitrogen and the nitrogen fixing capacity both under field conditions and in 
pot cultures have been estimated. Recuperation of nitrogen is more frequent 
than the loss. There is no definite correlation of the fluctuations in the nitrogen 
content with the season but the nitrogen fixing power is somewhat higher 
in May, June and July. At the end of a period of nine years the pot culture 
experiments showed a definite increase in the nitrogen contents. Wheat has 
been cropped annually for nine years without any deterioration in organic 
nitrogen and a mixed crop of wheat and legumes does not show under the same 
conditions any significant increase in organic nitrogen over that in soils growing^ 
wheat alone. 


0, The decomposition of sugars by Ai!4>tchacter and by mixed flora in 
soils in relation to the non-symbiotic nitrogen fixation was discussed by Prof, 
Subrahmanyan and Mr. Bhaskaran. The decomposition of sugar by even 
heavy inocula of AzcAdbcuief chroococcum proceeds comparatively slowly, 
After the sugar is entirdy used up, there is very little growth of the 
organism ; nor is there apjweoiable fixation of nitrogen. The residual organic 
matter is decomposed by the organism, but is not utilised in the fixation. 
Tn contrast to the above the mixed flora of the soil rapidly decomposes the 
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BUgar ajid though all of it disappears in the first four days there is very little 
fixation of nitrogen. From the ith to the 12th day the organisms grow 
rapidly and fixation takes place. The organic acids formed during the first 
stage of decomposition are thus better utilised by the soil flora to fix nitrogen 
than sugar. It has been stated that the mixed calcium salts of organic acids 
formed during the aerobic decomposition of carbohydrates can be utilised in the 
fixation of nitrogen. These products are decomposed comparatively slowly, 
but the return of nitrogen fixed for the carbon utilised (under 1 : 20) is more 
than three times that obtained when a carbohydrate is applied directly to 
the soil. 

The efficiency of fixation by the mixed calcium salts under different 
conditions has been studied. It has been found that the maximum fixation 
takes place when the concentrate is applied in quantities corresponding to 
about two tons of organic carbon per acre. The nitrogen fixed by this will 
be about 2 cwts. and would correspond to 13*6 cwts. of protein, which, in turn, 
would be equivalent to 2-6 tons of a good seed cake. The presence of sugar 
or other fermentable materials does not appreciably interfere with the fixation 
by the calcium salts. 

In con'mction with the paper by T. M, Bhmkaran and F. Subrahmanyan ^ 

DiSOtTSSION 

Prof, N. R. Dhar (Allahabad) said (also referring to the paper by A. 
Sreenivasan and V. Subrahmanyan) : Ldhnis and Pillai (CefrUrhL Bakt,, 
1908, 11, 20, 781) reported that the nitrogen fixed per gram of energy material 
varied from 4*36 to 9*96 mgms. with different sugars, whilst with calcium buty- 
rate, potassium oxalate, sodium citrate, ©to. it varied from 0*16 to 0*96 mgm. 
Hence the results recorded by the authors were very different from those existing 
in the literature and needed further confirmation. Because nitrogen fixation 
was an ©ndothermal reaction, the amount of fixation must depend on the 
energy available. It is well known that 676 calories are available in the oxi*. 
dation of a gram mole of glucose whilst 376 calories are obtained from the 
oxidation of one gram mole of propionic acid. Hence from the energy point of 
view less fixation was to be expected from propionic acid as an energy material 
than with glucose. The results of his own experiments showed that when 
soil was mixed with sodium acetate, sodium oxalate, sodium tartrate, etc., 
very little nitrogen fixation took place under aerobic conditions, whilst with 
sodium salts of oleic acid, palmitic acid and stearic acid, glucose, cane-sugar, 
starch, mannitol, etc., large amounts of nitrogen fixation was observed. More- 
over, carbohydrates when added to soil under normal ccmditions could be 
detected even after several months. 


* No. 6 ill the list, soe p, 72. 



KITBOGKir StrPPLY TO INDIAN BOILS. 


He also referred to the nitrogen loss arising out of the decomposition 
of ammonium nitrite and nitrous acid. Ho mentioned that Sir John Russell, 
J. G, Lipman and others had frequently stated that the loss of nitrogen from 
soils was mostly due to the escape of gaseous nitrogen and suggested that the 
problem might l)e studied from this point of view, 

Mr, T, J. Mirchandani (Bihar) said : In one of the tables an increase of 
nitrogen from 1*25 to 1*67 was to be found in 4 to 12 days in the test solution* 
whereas in the control (unsterilised soil) there was greater increase, viz., from 
2' 10 to 2*77. Again in the presence of calcium salts the Bangalore soil fixed 
0*32 mgms. of N as against 0-60 mgms. in the Kalar soil of Sind. He 
wondered whether this difference was due to high alkalinity or the authors 
hod some other explanation to offer. 

Ho remarked that these researches, if confirmed, would give a new orienta- 
tion to our concept of nitrogen fixation but a lot more data was required 
before it could be accepted. 

Mr. T. R. Bhaskaran (in reply) stated that his work was of a diflFerent 
t 3 q)e from those referred to by Prof. Dhar. Very little systematic work has 
so far been carried out with the mixed flora of the soil. A large amount of 
work has been conducted with pure strains of Azolohactery but, as may be 
seen from the present study, such enquiries cannot throw much light on the 
mechanism of fixation in the soil. As for the energy relations of fixation, very 
little accurate information is still available. It may be stated, however, that 
it has no direct relation to the calorific values of the materials concerned, A 
large part of the applied material is utilised by the fixing organisms to form 
side products, so that it is not correct to argue on a purely energy basis. 
Furthermore, no attempt has been made in the present study to oorrelate the 
fixation with the utilisation of any one of the volatile fatty acids. Indeed, 
the material employed was a mixture of calcium salts together with other 
minerals (originally present in solution) such as iron and aluminium which are 
precipitated by lime. 

In reply to Mr, Mirchandani, he stated that experimental material contained 
only the soluble products of fermentation, whereas the control observations 
related to the original sugars. The product resulting from the latter inoluded 
the nitrogen of the sediment as also the small quantities of nitrc^eri fixed by 
the sugar during the first four days — Whence the difference. The object of the 
experiment was primarily to show that the supernatant liquid was responsible for 
the major part of the fixation. In reply to the second question, he stated that 
the difference was not after all very considerable and was made up by the 
17th day when it was 0*91 mgms. in the Kalar soil and 0*93 mgms. in the 
Bangalore soil. It is not improbable* however, that the alkalinity of the Kalar 
soil was favourable to the fixation in the early stages. 

Rrof. V« Subrahmanycm drew attention to the practioal significance of 
the fipdiogs. ke pointed out that if materials like molasses which are so 
inconvenient to handle can be subjected to a preliminary anaerobic fermenta- 
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tion, the resulting product can, after neutralisation, be concentrated to a 
dry powder which is a more potent nitrogen fixating agent than the original 
material. It can be stored in bags and will stand transport from one centre to 
another. It has already been tried out on an experimental basis in Bangalore 
with highly satisfactory results. 


7. Mr. K. M. Pandalai discussed the mechanism of nitrification in soil. 
When cultured iri artificial media, the nitrifying organisms, Nitrosomonaa 
and Azotobacier, are paralysed even by minute quantities of organic* matter. 
On the other hand, nitrification in nature— particularly in soil and sewage- 
proceeds in presence of large quantities of organic matter. This incom- 
patibility of behaviour of the classical nitrifying organisms in pure artificial 
cultures with that in their natural environments may be explained as being 
due to one or more of the following,— (]) The nitrifying bacteria function 
in association with the saphrophytes of the soil, (2) There are in soil several 
strains of organisms other than the classical nitrifiers which could tolerate 
fairly large quantities of organic matter and nitrify ammonia. (3) All nitrifiers 
are heterotrophic at some stage of their lives. 

In connecHm with the paper by K, M, Pandalai^: 

Discussion 

Prof. N. R. Dhar (Allahabad) said ; He would draw the attention of the 
author to the work of Fuller and Rettger (Soiliici., 1931 , SI, 217) in which it had 
been stated that Azotohacier could fix atmospheric nitrogen even in the presence 
of diff erent ammonium salts. It seemed that the greater nitrification observed 
with a mixture of Azotohacter and Nitroacmonaa was due to the greater 
amounts of ammonium salts present in the system caused by nitrogen fixation 
which is effected by Azotohacter fed by glucose. 

Mr. K. M. Pandalai (Bangalore) stated : The ammonium compounds in 
nitTogen fixing cultures of course increased the growth of the Azotohacter, but 
in a majority of the cultures there was slight depression of nitrogen fixation. 
Fuller and Rettger write ‘ the simple inorganic compounds seem to be utilised 
easily by Azotohacter with the result that growth is increased and nitrogen 
fixation either relatively or actually depressed 

The question of the formation of ammonia or its salts by the activity of 
the Azotobacier in nitrogen fixing cultures was still unsettle<i (Gompare Burk, 
Soil 8ci., 1936, 41, 81), He said that the increase in the oonoentratimis of 
ammonium salts by Azotobacier activity, if It occurs at all, was negligible. 
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Fuller and Rettger also found that in presence of peptone, Yrhile there 
was more growth of Azotobacter^ there was depressed nitrogen fixation. These 
were incompatible and the mechanism of the enhanced nitrifics/tion should be 
explained as due to entirely different causes. Further, the explanation the 
author offered also applied to B, mycoide^s in presence of which there was also 
enhanced nitrification. 


8. Mr. Mirchandani pointed out the beneficial effects of combining organic 
manures with artificials. He has observed that there is a definite improvement 
(about 4-9 mgms. per 100 gms. soil in 2 months) in the total nitrogen 
content of the soil when incubated with molasses. He suggests that molasses 
should be incorporated in the soil 4-8 weeks before putting the land crop. 
The addition of molasses increases the nitrogen content by 4 -9 mgms. of nitrogen 
per 100 gms. of soil in two months, ('ompost^ obtained from sugar-cane 
trash have been found to be very suitable for wheat and maize. 

In connection with the paper by T. J. Mirchandani ^ : 


Disoitssion 

Prof. N. R. Dhar (Allahabad) said : He was glafl that Mr. Mirchandani 
had been able to confirm the I’esults of l)har and his collaborators that, on the 
addition of molasses to soils in Bihar, atmospheric nitrogen was fixed. He 
(Mirchandani) himself had been able to obtain, using a large amount of 
molasses, a fixation of 180 lbs, of nitrogen |)er acre of soil, whilst Dhar and 
Mukherjee obtained 112 lbs. of nitrogen fixed on applying 3 tons of molasses 
per acre. The soil with which be experimented contained a higher percentage 
of total nitrogen (0'(>0%) than that used by Dhar and Mukherji (0*045%). 
Mr. Mirchandani obtained less fixation than that recorded by Dhar and 
cx)-workers, when tlie amounts of molasses used were identical. It is well 
known that the greater the nitrogen content of the soil, the less is the fixation. 

He was also glad to find that Uaar and alkaline soils had been successfully 
reclaimed by the application of molasses. If the exfieriments of Mr. Mirchandani 
were continued, he (Dhar) believed that the observations of Dhar and his co- 
workers, namely that the nitrogen fixed by the application of ca.rbonaoeou8 sub- 
stances to the soil was retained for a much longer period than when ammonium 
sulphate was used, would be confirmed. There was certainly a residual effect 
of molasses and other carbonaceous materials but not in the cose of ammonium 
sulphate. 

Prof, V. Subrahmanyan (Bangalore) enquired os to how in some of the 
experiments, farmyard manure gave lower yields than the controls. There 
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was also heavy loss of nitrogen from some of the control series* Was there 
any explanation for this ? He suggested that in addition to nitrates, we should 
take into consideration the release of amides and amino-acids which could be 
directly assimilated by plants. 

Mr. T. J. Mirchandani (Bihar) said : (Replying to Prof* Dhar.) He was 
unable to agree with Dr. Dhar that the green manuring would ultimately make 
the soil more alkaline. In fact the immediate effect of decomposing green 
manure was to make the medium slightly acidic? but in the long run the acidity 
disappeared. 

(Replying to Dr. Subrahmanyan.) If one looked at the table more critically 
it was found that the habitation manure had definitely given a liigher yield 
of grain as well as of straw in both the crops. That was really the main point 
in the table. Regarding the use of amino-acids by plants he maintained that 
the evidence was not conclusive though it was slowly accumulating. 


0, Mr. P. K . De discussed the question of fixation of nitrogen in rice soils. ^ 
Under waterlogged conditions nitrogen is definitely fixeti in rice soils and the 
amount increases with the pH. Alg» are considered to be responsible for the 
fixation. These are important observations but it is not yet known whether 
the algfiB themselves are capable of fixing the nitrogen or whether they do so in 
symbiosis with other organisms* Under dry conditions fixation is much smaller 
and is not so general asunder water-logged conditions. Nitrogen fixing organ- 
isms different from Azo^obacter^ but probably belonging to the same genus, have 
been found to fix nitrogen and have been isolated pure. They have a slow 
growth in nitrogen-free mannite medium and are characterised by copious sKrne 
formation, non-motility and non-pigmentation. Rice plants do not thrire 
in sterilised sand using sterilised seeds and there is no fixation of nitrogen. 
Nitrogen fixing organisms are present in rice leaves. Regarding the loss 
of nitrogen from water-logged soils decomposition of ammonium nitrite is not 
responsible for it. The supply of oxygen being limited the ammonia is first 
oxidised to hydroxylamine and then to gaseous nitrogen and water. 

In conneMim with paper by P. Jf . De : 

Discttssion 

Prof. V. Subrahmanyan (Bangalore) observed : While it was pmible 
that there was some fixation of atmospheric nitrogen in rice soils, the nitrogen 
thus added could not entirely account for the maintenance of the fertility* 
The fertility of Bengal and indeed of the whole of the Indo-Gangetic plain 
is largely traceable to the fine silt deposited by the rivers. Fresh river silt 
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is generally rich in nitrogen, soine samples containing over 2,000 parts per 
million, In South India, with the construction of two huge dams in the 
upper reaches of the Cauvery, the natural fertility of the Deltaic regions 
had appreciably diminished in recent years. 

He enquired whether any quantitative estimation of the hydroxylamine 
formed or of the elementary nitrogen was carried out. His studies with sub- 
stances of varying C : N ratios showed that the loss of nitrogen from the water- 
logged soil could be largely accounted for by volatilisation of ammonia. 

B 

10, Prof. Subrahmanyan discussed sewage as a source of nitrogen kipply . 
It is one of the most economical methods of supplying nitrogen and other 
fertilising ingredients to the soil. Its applicatk)n to land is attended, however, 
by various problems — chemical as well as biological — the elucidation of which 
is of the greatest importance both to agriculture and public health. 

Continuous application of raw sewage or effluent (after one of the various 
treatments) leads to soil sickness. The land becomes smelly and the crops 
fail. The changes attendant on sewage sickness have been discussed. Methods 
of reclaiming sick soils are indicated. 

In connecMon with the paper by V, Subrahmanyan 

Discushion 

Prof. N. R, Dhar (Allahabad) said : Experience at Allahabad had been 
different because in the Naini Agriculttiral farms all crops were grown with 
ordinary sewage water without purihcation or dilution all the year round. 
The foods cooked from these crops were as healthy as from normal materials. 
The large cattle population of the farms thrived very well on the grass grown 
with undiluted or unpurified sewage water. Under the influence of the tropical 
sun aoKl high temperatures prevailing in India, the carbonaceous and nitro- 
genous organic substances present in sewage are readily oxidised when mixed 
with the soil yielding useful products necessary for plant growth. The problem 
in this country was to save the carbon and nitrogen from too quick oxidation 
and in the aUuvial soils of northern India the sewage water without puri- 
fioatiim or dilutiGn, when properly mixed with the soil, readily added ammo- 
nium salts, nitrate, phosphates, potash, etc., for the growth of plants. The 
soil sickness observed in colder countries on the application of sewage was 
ofaiafly due to the deficiency of oxidation of the nitrogenous and carbonaceous 
Oompounda and to the presence of soaps. 

— ^ ^ — 
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Mr. T. J. Mirohandani (Bihar) inquired what would be the residual value 
of the addition of sncli large quantities of sewage to the soil because all the 
nitrogen c^ould not possibly be utilised by the crops. 

The interaction of nitrogen and P 2 O 5 was now well established in that 
such combination resulted in better crop yields. It was nec^essary, therefore, 
to have an idea of the phosphoric acid content of the sewage and sludge that 
was applied and then to see the interactions with and without extra phosphoric 
acid. He also inquired if any explanation could be offered by the author 
of the low yield of potatoes obtained by him when he treated the soil with 
super alone. The yield was found to be a little over half that of the control. 
Regarding quality of crops he (Mr. Mirchanda ni) was in a position to 
confirm by his own observations that in sugar-cane a high dose of nitrogen 
tended to decrease its sugar content. All easily nitrifying fertilisers would 
have the same effect. 

He remarked that it would have l>een very iiseful if in the case of sewage 
experiments on elephant grass and lucerne the application of the sewage had 
been for a limited period only and not throughout the life of the plant and the 
results watched, 

' Dr. A. T. 8 en (Dacca) said : Prof. Subrahmanyan observed a failure 
of grain in crops fed on effluent rich in available nitrogen. His experience 
with rice was that> if jiitrogen absorbed by this plant be such that the percentage 
of nitrogen in the straw at harvest exceeded 0*7, little or no grain production 
took place. Was the percentage of nitrogen estimated in the crops which he 
had tried when the grain failed ? A knowledge of the limiting nitrogen content 
for grain prcKl action of most of the Indian grain crops was of obvious importance 
in practical agriculture. 

Prov. V. Subrahmanyan (in reply) stated that the Naini Farm might be 
an exception, but his observations were nevertheless true of most sewage 
farms in the world. Continued application of undiluted sewage would lead 
to soil sickness under all climatic conditions. He had no opporttinity to 
examine the products of the Naini Sewage Farm, but had no doubt that they 
would compare unfavourably (in general quality) with those raised on water 
in the same locality. 

Replying to Mr. Mirchandaui, he stated that both the raw sewage and 
sewage sludge had residual values, but diluted sewage effluent has practically 
none. Tlie bulk of the phosphorus of sewage passes into the sludge, so, if 
only the effluent ia tised, it has to be supplemented by a phosphate fertiliser. 
Sewage sludge contains two to three per cent of phosphoric acid (P 2 O 5 ), a 
large part ol which is available to the plant. It is difficult to explain why 
potato gave a reduced yield on application of super alone. The soil was 
deficient in nitrogen and it is probable that the phosphate-stintulated roots 
suffered more than the untreated ones. The experiments with elephant 
grass and lucerne were carried out over a long period so as to stimulate the 
usual grass-forming practice. Moreover, the extended experiments would 
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show whether there was no falling off in 3 deld or any abnormality observable 
consequent on continued application of sewage. 

He agreed with Dr. Sen that it would be useful to have an idea of the 
limiting concentration of nitrogen but in case of heavy applications of sewage, 
the issues were complicated by soil sickness, plant disease, insect pests and 
such like. 


1 1 . Messrs. Pal and Rakshit discussed the most suitable time of application 
of oil cakes to the field for quick-growing erops.^ Three different kinds of oil 
cakes have been used. The formation of liitrate consequent on the decom- 
position of the cakes has been followed. The addition of the cake at first 
causes a small retardation in the nitrification. This, however, lasts only 
for a short interval. Lime quickens the decomposition and also intensifies 
the nitrification. The application of the cake during the Eahi season is re- 
commended and is considered to be more beneficial than its application in the 
Kharif season. This is the present practice in some parts of Bengal for growing 
potato. The succeeding crop, iisually jute, can fully utilise the unspent and 
freshly formed nitrate. 


12. Prof. Subrahmanyan and Dr, Sreenivasan discussed the transforma- 
tion of organic nitrogenous material in swamp soils.® A large part is converted 
into ammonia. The conversion into ammonia and its loss increases with the 
C : N ratio and the amount of added material. Volatilisation of ammonia 
favoured by the high temperature is considered to be responsible for this loss. 
Addition of carbonaceous material in quantities which would raise the C : N 
ratio to 15 : 1 has been found to be effective in reducing the loss of nitrogen. 


13. Dr, Sen discussed the nitrogen requirements of the rice plant in differ- 
ent stages of its growth. Analysis of the plant shows that absorption of nitro- 
gen continues till harvest. The percentage of nitrogen in the plant increases 
during the first six weeks after transplantation and then decreases. Pot 
culture experiments show that if the nitrogen supply is cut off at any stage 
the growth is checked but even the four- week old seedling survives and 
bears grain. On using excess of nitrogen failure of grain has been observed. 
The presence of boron in the culture medium impi^oves grain fonnation and 
causes an increase in the dry weight of the plant. The maximum loss ofnitrogen 
fixun the oolture solution tak^ place during the seedling and ripening stages. . 
The results indicate the desirability of increasing the available nitrogen status 
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of the soil during the active vegetative stage and the banning of the flowering 
stage* The application of niciphos to paddy soil in conjunction with treatments 
with various combinations of lime, potash and magnesia show a statistically 
significant though not very marked increase in the grain yield as compared 
with controls. 


In connection with the po>per by A, T. Sen ^ : 


Disottssiok 

Prof. V. Subrahmanyan (Bangalore) stated : It was difScult to under- 
stand the nitrogen loss from culture solutions. He wanted to know whether 
the distribution was completely worked out and the balance determined. In 
addition to possible loss in the elemental form, volatilisation of ammonia 
may also be considered, 

Mr. T. J. Mirohandani (Bihar) said : The nitrogen content of the rice 
plant at transplanting appeared to be rather low. Was it possible that if 
transplanting was delayed, the result was that with the increase in dry weight 
the dilution effect on nitrogen was noticed ? The author's contention that 
rice took up nitrogen till harvest required oonfinnation. It would be useful 
to have tiller counts so as to correlate that function with nitrogen uptake. 
If the nitrogen was cut off at a certain stage of plant growth there would be 
a translocation of nitrogen from some tillers to the surviving ones. 

Regarding the non-formation of grain when the nitrogen was supplied in 
excess so as to give 1*2 per cent nitrogen in straw, such conditions were not 
likely to occur in general practice. The observations of the author, however, 
hod importance in so far as they gave a warning against the excessive use 
of nitrogen for the rice crops. 

Prof. N. 11, Dhar (Allahabad) said : In the rice fields of Bengal in the 
dry season the straw, plant residues, etc., present in the soil ore oxidised with 
the liberation of energy required for nitrogen fixation. In the wet periods, 
the oxygon dissolved in the water and the oxygen adsorbed on the soil surface 
helped the oxidation and decomposition of the cellulosio materials and this 
leads to nitrogen fixation in the soil. This addition of nitrc^en to the soil 
stopped soil exhaustion and mamtoined a fairly steady yield cf crops year in 
and year out under tropical conditions although the soil is not manured by 
artificials. 

Dr. A. T. Sen (Dacca) said ; (In reply to Prof. Subrahmanyan, } Under 
water-logged conditions nitrogen would be lost from the soil in the elemental 
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form according to the equations developed by his colleague Mr. P. K. De and 
given in his paper. The reaction would proceed according to equation (2) in 
a normal aerated soil. Under submerged conditions oxygen supply becomes 
limited and the reaction proceeds according to equation (3). The soils used 
by them (Sen and De) being add (pH — 5'0) there was little possibility of 
nitrogen being lost as ammonia. 

(In reply to Mr. Mirchandani.) He agreed that 1*25 per cent nitrogen 
in the rice straw at harvest could not be realised in the field. It was the 
percentage obtained in the water culture but> as stated before, little or no 
grain production took place if the percentage of nitrogen in rice straw at harvest 
exceeded 0*7. The low percentage of nitrogen of the rice plants at trans- 
plantation was obviously due to the fact that he (Sen) did not manure 
. the seed beds as heavily as Mr. Mirchandani or others did. It would be wrong 
; to say that manuring of the seed bed alone was the last thing to do in rice 
^ cultivation. Large? increases in yield were obtained in Japan, Italy and 
elsewhere by top dressings of nitrogenous fertilisers following transplantation. 
On the contrary his (Sen’s) results indicated the possibility of considerable 
loss of added nitrogen if seed beds were manured heavily. As regards the 
tillering of paddy he agreed with Prof. Agharkar that it was mainly controlled 
by the oxygon supply to the roots. If the oxygen supply was large, as in 
Hcmi-moist soils, tillering would be limited ; if the supply was small, dne to 
excessive submergence, the tillering would again be limited. But it would 
be wrong to say that the golden mean was 6 inches of submergence. The 
optimum submergence might vary from a few inches to se^^eral feet depend* 
ing on the variety of the jwuldy chosen. 

Dr. H . Chaudhuri (Lahore) said : The failure of nitrogen fixation in the soil 
with the increase of acidity mentioned by Dr. Sen was due no doubt to the 
failure of the nitrogen fixing organisms to grow in acid media. In all rice 
fields in E. Bengal green organisms grew abundantly and it had been shown 
that the nitrogen content of the soil increased under those conditions. Some 
two years back samples of soil and water from the rice fields in Faridpore were 
sent to the speaker by Sir Bryce C, Burt (then Mr. B. C. Burt) for analysis. The 
soils were put in different sterile flasks containing distilled water, and during 
six months following the green organisms appearing in the culture flasks 
isolated. These consisted mostly of blue green algas and only a few green 
algee. When examined under the microscope after proper staining, the mu- 
cilage coatings of the blue-green algae were found to be full of bacteria. Next 
the bacteria were plated and by growing in nitrogen free media it was found 
that they fixed atmosphoric nitrogen. When these were grown in media of 
different pH values, it was found that more nitrogen was fixed on media having 
pH value 7*0 or over. The organisms ceased to grow in definitely acrid media 
and so no nitrogen fixation could take place. The algss without the bacteria 
had no poww of fixing nitrogen nor had the rice unaided any power of fixing 
nitrogem 
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1 4. Mr. H . N. Pal describe d his experimaiits conducted at J orhat in Upper 
Assam on the manurial treatment of sugar-cane soils. ^ The average nitrogen 
content of the (top) soil is 0*09 per cent. Sugar-cane grown on this soil shows 
signs of nitrogen starvation and gives a poor yield. A rotation of crops and 
the application of cow-dung and oil-cake give satisfactory results. The 
application of about 300 mda. of cow-dung along with 1000 lbs. of oil-oake 
has been observed to produce the best yield. 

C 

15. Prof. Subrahmanyan and 1>. Sreenivasan discussed the errors ot 
a nalytical meth ods of sampling and the errors arising out of soil heterogeneity in 
relation to the obflerve<l fluctuations of nitrogen contents of soils.* They have 
compared the dry and wet methods of digestion and have observed a. difference 
of as much as 25 per cent in some soils. The official dry method gives low and 
discordant values. The distribution of nitrogen in finely ground samples within 
each plot shows great variations from time to time which might be mistaken as 
periodic fluctuations. It is suggested that the movement of soil albuminoids 
as a result of a partial peptiBation by the dilute salt solutions in the soil should 
also be taken into account. 


16. Mr, K. M. Pandalai proposed methods for determining nitrous and 
nitric nitrogen in solutions. The inaccurate results (generally low) invariably 
obtained for the nitrons nitrogen content of soils were stated to be due to (1) 
the extreme instability of that form of nitrogen and (2) the inevitable presence 
of organic matter in soil extracts. 

The addition of a fail* excess of slaked lime siispension clarified the extract 
and at once stabilised the nitrous nitrogen. A further addition of small 
quantities of copper sulphate and lead acetate solutions rendered the extract 
protein-free, sugar-free and entirely colourless and facilitated filtration. 

The method described in the paper took only 1 to hours and pelded 
very satisfactory results with a variety of tropical soils, and the author recom- 
mended it for the study of nitrogen changes in soil. 

In cmmcUon with the paper by K. M, Pandalai* : 

Discussion 

Dr. G. Gopala Eao (Waltair) said : It was necessary to study whether 
the oxidation of nitrite to nitrate by hydrogen peroxide in acid sdjution 

I No. 14 in the list, see p. 72. 
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was complete. His results showed that it was not complete and he 
suggested that the conditions of quantitative reaction should be studied in 
alkaline solution. 

When the unused liydrogen peroxide was back titrated against standard 
permanganate it should be borne in mind that the permanganate would interact 
with any unoxidised nitrite as well. It was well known that permanganate 
could oxidise nitrous acid. 

Mr. K, M. Pandalai (Bangalore) said : (in reply to Prof. J. N. Mukheijee) 
control experiments with the reagents were done. 

(In reply to Mr. Mirohandani.) A mixture of acid and salt could not be 
used. The whole question of oxidation of HNOa-^HNOg was one of pH so 
that if nitrite was to be stabilised an alkaline medium would have to be used, 

(In reply to Dr. G. G. Rao.) A large excess of HgSO^ (1:1) should bo 
used ; the oxidatioii was instantaneouB and the stoichiometric quantity of 
nitrate was obtained. 


17. Mr. R. Rajagopalati in presenting the paper by himself, Mr. C. R, 
Harihara Iyer and Prof. V. Subrahmanyan ^ said : The procedure consisted in 
treating the material to l>e digested with a small quantity of mercuric oxide and 
sufficient excess of 2 : 1 sulphuric acid. The mixture is then raised to 
boil and treated with either solid dichromate or an aqueous solution of 
chromic acid. The boiling was continued for 30 minutes after which the 
digest was cooled and reduced with excess of alkali sulphite followed by 
zinc. The product was distilled in the usual way. 

D 

18. Dr. 8, P, Aiyar gave a systematic account of tha nitrogen status of the 
soils of Burma in relation to various podological factors,^ Burma soils have been 
classified into five groups on the basis of rainfall and altitude. The poroontages 
of carbon and nitrogen, and the pH, rainfall and the soil texture expressed as the 
8um of the percentages of chiy and silt fractions for each of the groups have been 
tabulated. The following conclusions have been arrivt^i at : (a) In agreement 
with Jenny's law the mean nitrogen cuntent has l>een observed to increase 
with the rainfall ; the nitrogen content also increases with fall in temperature ; 
large differences in rainfall are counterbalanced by small differences in tempera- 
ture; (h) water-logging increases the soil organic matter ; (c) the organic matter 
content also depends on the covering vegetation and cultivation ; (d) no definite 
relation seems to exist between the nitrogen content and the texture of the 
soil but it is pointed out that the method of expressing the texture is liable 
to , give wrong results* Manorial experiments on paddy ort>ps in pots and 

•) , - ■ - , - , - ■■ ■■■ ■ , - 
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in the field show that nitrogen when added as ammonium sulphate always 
inducef^ a good response. Nitrates, ammonium bioarbonate, urea and calcium 
cyanamide are less effective. Phosphate when used in combination with 
ammonium sulphate very often produces better results than with ammonium 
sxilphate alone. Potassium suiiduite produces no response. Green manure 
and other organics which liberate ammonia show marked increase of the 
yield. In tropical paddy growing areas there seems to exist a limit 
beyond which the yield cannot be increased, whatever be the treatment. 
Experiments with sugar-cane show that ammonium sulphate is more effective 
than nitrate, and potash or phosphate appears to be unnecessary. It is to 
be hoped that further systematic work on similar lines will be carried out 
in other parts of the country. 


19. Messrs. Wad and Aurangabadkar gave an account of the carbon and 
nitrogen contents of typical soils of Bundelkhand, Malwa and Rajpuiana. 
These quantities have been estimated at different depths of the soil profile 
and their relation to temperature, rainfall, moisture holding capacity, produc- 
tivity and mechanical composition have been discussed. The carbon and 
nitrogen contents of these soils are usually low compared to those in temperate 
regions. The G : N ratio seldom exceeds 10 : L No relation has been found 
to exist between tlie C : N ratio and the temperature, humidity and the moisture 
holding capacity. Lysimeter experiments with profiles of different soils 
show thivt the yield of cotton is not related to the nitrogen content. The 
application of nitrogenous manure does not always produce a response in the 
crop yield. Nitrogen content of the surface horizon of virgin soil is lowered 
by cultivation and the lowering appears to be inversely proportional to the 
content of the sand free fraction. The beliaviour of the second horizon seems 
to differ from that of the first and sometimes works in an opposite direction. 
It is considered that differences in productivity depend chiefly on the extent 
to which the supply of nitrogen and moisture is similarly maintained by the 
first two horizons of the soil. 

In connexion with the pa/per by Y, I), Wod and R. K. Aurangahadhar ' : 

Disoussiok 

Prof. V, Subrahmanyan (Bangalore) wanted to know if the authors 
hiwl got dat.a to prove their statement that the 0 ; N ratio varies with 
temperature. 

Mr. K. K. Aurangabadkar, in reply, said : They hod not mode a statement 
to that effect. On the other hand they found no oorrelation between the 
carbon or nitrogen contents or their ratios in the different soils and the 
climatic factors like temperature, humidity or rainfaU. 


1 No, 19 in the liat, see p. 7 %, 
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Prof. N. R. Dhar (Allahabad) said: The observations in this paper 
became clear if the authors would take into consideration the fact first empha- 
sised by Phar and Mukherjee (J. Indian Chem, Sac,, 1936, 233) that the 

percjenta<ge of available nitrogen in tropical soils is much greater than in the 
soils of temperate climates. As the soils iimd by the authors contained a 
fairly large proportion of available nitrogen, it was not expected that a favour- 
able response to nitrogen manuring would be observed and this had been 
actually reported by the authors. I)har and Mukherjee (J. Indian Chem. 
Soc., 1934, lly B83; 1935, 12, 436), from the analysis of well-aerated soils 
from different parts of India and other countries, had shown that the C ; N 
ratio of soils was greater the warmer the country. This is in agreement with 
the observation of McLean {Jonrn. Agric. Set., 1930, 20, 348), Jenny (Soil 
8ci., 1929, 27, 168) reported contrary results because his con elusion was based 
on extrapolations. If the authors carried on experiments with well-ploughed 
soils thhy were likely to obtain C : N ratios of their soils larger than 9 or 10. 

Mr. R. K. Aurangabadkar, in reply, said : A higher percentage of available 
nitrogen may not necessarily result in the supply of greater quantities of 
nitrogen to plants. Because the total available quantity depends upon both 
the total content of nitrogen and its availability. It is equally essential that 
the superior availability of nitrogen should not be sliort-lived, but persist suffi- 
ciently long. This may not happen in many tropical soils, as shown by the 
results of nitrification tests carried out at Indore. 


Nitrification in ttnmanitrku soils, monsoon conditions, Indobk, 1033 . 
Mgrns. of nitric N 'per 100 gms. of oven-dry soil. 


Interval in dayn from start. 


Surface soil. 

0 

21 

42 

63 1 

84 1 

105 1 

126 

lUaek oottou, ludoi-e . . 

017 

1*08 

1*03 

2*32 

1-98 

103 

0-82 

Sandy loam, Jaipur . . 

0*12 

1 

1-32 

•* 

•• 

0-52 

0-53 


The peroentages of carbon and nitrogen in soils and consequently their 
ratios indicate the kind of residue left in them as a result of the rarions types 
of decay of organic material possible in the prevailing enviromnent. The 
nature of the decomposition is determined by the combined influence of the 
prevailing temperatures, moisture and oxygen contents and the ob emioal nature 
of the substances taking part in the processes. Henoe, it is natural that the 
0 : N ratio is not determined solely by a single &otor. An apparent dnTn}naT.«« 
of one &otor may be found on an examination of soils, otherwise siniilsr, 
but estpossd to yariations in its intensity, larger tham those of the others. 
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Inferences based on such observations may not be universally applicable. 
This is shown in this paper by the carbon and nitrogen contents and their 
ratios found in soils — both virgin and cultivated—fbrmed under widely 
different conditions and in regions with prevailing temperatures equally varying. 
The influence of temj)6rature is modified by that of differences in the moisture 
and air regimes as well as the chemical and physical nature of the clay complex. 

List of Papkrs 

Group A. Recuperation and Loss of Nitrogen Gontenta of Indian soils, 

(1) Nitrogen transformations in the soil. By N. R, Dhar, S. K. Mukherji, 
E. V. Seshacharyulu, and S. P. Tandon. 

(2) Photooatalytic reduction of nitrate and simultaneous oxidation of 
ammonia to nitrite. By G, Gopala Rao and K, S. Murty, 

(3) Pluotuations, recuperation and fixation of nitrogen in the soils of 
Western India. By D. L. Sahasrabuddhe. 

(4) The vicissitudes of nitrogen in the soil system. By B. Viswa Nath. 

(5) A study of the fluctuations in organic nitrogen content of black cotton 
soil under varying conditions of cropping. By D. V. Bal. 

(6) Some new aspects of the mechanism of nitrogen fixation in the soil. 
By T. R. Bhaskaran and V. Subrahmanyan, 

(7) A new aspect of the mechanism of nitrification in soil. By K. M. 
Pandalai. 

(8) Nitrogen status of Indian soil. By T. J. Mirohandani. 

(9) A note on the nitrogen supply of rice soils. By P. K. De. 

Group B. Nitrogenous Manures, 

(10) Sewage as a source of nitrogen supply to the soil. By V. 
Subrahmanyan, 

(11) Decomposition of oil-oakes and formation of nitrite. By G. B. Pal 
and S. C. Rakahit. 

(12) Transformations of nitrogen in the swamp soil. By A. Sreenivasan 
and V. Subrahmanyan. 

(13) Some field and water culture experiments with rice. By A. T. Sen. 

(14) Maiiurial treatments for remedying the nitrogen defidenoy of soils 
of Upper Assam for growing plant canes. By H. N, Pol. 

Group C. AnaVyiiml Midhods, 

(15) Some factors influencing studies on xiitrogen fluctuations in soil plots,, 
By A. Sreenivasan and V. Subrahmanyan. 

(16) Determination of nitrous and nitric nitrogen in soils. By K. M. 
Pandalai. 

(17) An improved method of estimating nitrogen in soHa and plant 
matend^. By C. R. H. Iyer, R. Rajagopalani and T. Subrahmanyan. 



NITKOOKN STTm-Y TO INDIAir SOUS. 


78 

Group D, Nitrogen 8ta;t/iis and Pedological Factore. 

(18) The nitrogen etatus of the soiln of Burma. By S. P. Aiyar. 

(19) Nitrogen and carbon sta^tuH in relation to soil productivity. By Y. D. 
Wad and R. K, Aurangabadkar. 




NITROGEN TRANSFORMATIONS IN THE SOIL. 


By N. R. Dhab, S. K. Mukbrji, E. V. Seshaohabytott, and 
S. P. T AND OB, Alh^ml^ad Univefraity. 

{Read at Symposium, y Auyust 29-SOt 1986.) 


Intboduotion. 

Although manures from farmyards and night-soil are in use in agriculture 
all over the world from ancieiat times, the exact nitrogen requirement of plants 
was not worked out till 1855, when Lawes and Gilbert published their classical 
reports at Rothamsted. Even the great chemist, Liebig did not realise the 
importance of supplying nitrogenous manure to the soil as is evidenced from 
the following lines from his ‘ Chemistry in its Application to Agriculture 
and Physiology ’ (1840) and his article in Parmer^s Magazine 1847, 16, 511 : — 

‘ If the soil be suitable, if it contain a sufficient quantity of alkalis, phos- 
phates and sulphates, nothing will be wanting. The plants will derive their 
ammonia from the atmosphere as they do carbonic acid/ 

In India the problem of the supply of nitrogenous manure tD the soil 
is of greater importance than in Europe because the nitrogen content of Indian 
soils is generally half of that present in European soils. Dr. J. A. Voelcker 
in his report on the ‘improvement of Indian Agriculture' (1803) stated os 
follows • 

‘ On looking ini/o analysis of Indian soils which have been recorded and 
others which 1 have mode myself, I find that, with possible exception of black 
cotton soil, Indian soils are generally very dehoient both in organic matter 
and in nitrqgen.' 

The Royal Commission on Agriculture in iDdia (1028) also reported that 
Indian soils are mainly deficient in combined nitrogen and tJxe manurial 
problem in tliis country is chiefly that of nitrogen deficientjy. The uncombined 
nitrogen present in the air is not directly absorbed by the majority of the 
plants and cannot serve as a plant food material. 

In European and more advanced countries of the world, ammonium salts, 
UJ'ea, nitrates, cyanamide, etc. are manufactured and are supplied to the soil 
as manure for the nitrogen need of plants and improving the crop yield. Urea, 
cyanomide, etc. form ammonium salts in the soil The advanced nations 
are competing with each other in the manufacture of ammonium salts and 
Uitrio acid by the combination of the Haber-Bosch and Ostwald processes. 
The addition* of emmvotuum salts to the soil largely improves the yield of crops 

lll^ IPubhshad Aiail lath, 193 L 
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and under favourable conditions the yield can be doubled, o.g, in Belgium 
the yield of wheat } 3 er acre is double that obtained in India. 

In India not a single firm exists for the fixation of the nitrogen of the air 
and naturally ammonium salts manufacttired in other countries have to be 
used for the soil, but the Indian peasant in general is too poor to utilise the 
imported and costly ammonium salts. They generally apply farmyard manure 
(cow-dung), oil-cakes, groeu manure, etc. All these substances contain proteins. 
The proteins are first converted into amino acids and ammonium salts, which 
in their turn combine witii t he oxygen of the air present in the soil forming 
nitiites. The nitrites are also oxidised to nitratem, which are the real nitrogenous 
plant food material. The plants absorb nitrates from the soil and utilise 
them for the building of proteins or nitrogenous compounds in their bodies. 
Ammonium salts are very seldom, and nit-rites not at all, used up directly by 
plants. 

We have after a series of researches extending over several years discovered 
an entirely new and at the same time an economical method for the conservation 
of then soil nitrogen and fixation of atmospheric iiitrogen m the soil itself hy the 
use of molasses and other carbonaceous substances. We have also investigated 
various factors which influence the nitrogen transformation and loss in the 
soil and have been able to elucidate the different stages in the nitrogen trails- 
fonnatkui in the soil. 

Regarding the importance of the investigations on those problems, the 
Royal (■-ominissioa on Agriculture in India (1928) reported as follows : — 
‘ We have been impressed by the importance of research into the fundamental 
problems coimected with losses in nitrogen and with nitrogen recuperation.* 
In the present communication a summary of our results and oonolusions is 
recorded. 


Fimation of nitrogen by t?ie addition of molaHsen to soil in fields. 


TABI.E 1. 


21,600 kilograms of molftsses added per acre of land on 10-1-36. 


Ammonitu^al 

Nitric 

Available 

nitrogen. 

nitrogen. 

nitrogen. 

000466% 

0-0032% 

0-0079% 

0-0064 

0-0037 

001016 

0-0076 

0-0028 

0-0104 

0-0077 

0-0037 

0-01 U 

0-0070 

0-0037 

0-0113 

0^0087 

0-0026 

0-0113 

0-0087 

00036 

0-0124 

0-0026 

0-0041 

0-0068 


Total 

Total 

Date of 

nitrogen. 

carbon. 

analysts. 

0-0561% 

0-628% 

original. 

0-0636 

2-55 

10-1.36 

0-0748 

2-06 

17-2-36 

0-0768 

1-921 

3-3-36 

0-0769 

1-912 

13-3-36 

0-0781 

1-852 

4-4-36 

0-0782 

T-844 

25-4-36 

0-0603 

1*012 

17-7-36 


(The last series of results were obtained after heavy rains). 
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Table 2. 


42,200 kilograms of molasses added per acre of land on 10-1-36. 


Ammonimsal 


Available 

Total 

Total 

Date of 

nitrogen. 

nitrogen. 

nitrogen. 

nitrogen. 

carbon. 

analysis. 

<]-0046% 

0*0032% 

0*0070% 

0*0561% 

0*628% 

original. 

0*0or»2 

0*0036 

0*0088 

0*0667 

3*528 

10-1-36 

0*0066 

0*0035 

0*0102 

0*0778 

.3*1026 

17-2-36 

0*0008 

0*0035 

0*0104 

0*0782 

2*652 

3-336 

0*0062 

0*0036 

0*0098 

0*0783 

2*582 

13-3-36 

0*010 

0*0026 

0*0126 

0*0822 

2*012 

4-4-36 

0*0104 

0*0036 

0*0140 

0*083) 

1*872 

25-4-36 

0*0031 

0*0048 

0*0079 

0*070 

1*214 

17-7-36 


(The last sories of rosnJts were ol)iained after heavy rains.) 


The foregoing resnlis in Tables 1 and 2 show that there is an increase 
in the total nitrogen and ammonia contents when molasses is added to the soil. 
It will be found that the amount of ammonia decreases after a maxim um has 
been reached. But at this stage the nitrate content increases appreciably 
due to the oxidation of ammonium salts formed by nitrogen fixation. When 
the amounts of molasses added to the soil are not large, the maximum is 
reached within two months. After this stage the nitralo increases due to 
the oxidation of the ammonium salts produced from the nitrogen fixation 
in the soil and there is a loss of the total available nitn>gen and the carbon- 
nitrogen ratio approaches tlio value 11:1. Hence, whet] the njiratt> content 
of the soil begins to Increase appreciably, the soil is most suittiblc for the 
sowing of crops. When larger quantities of molasses are added to the soil in 
the fields more time is required to attain i\w stage of nitrate iruTeaso.i/ 
Previous workers have not been able to obtain uniformly goc»d results 
with molasses as a manure as will be evident from the following quotations : — 
‘ Increased yields of sugarcane have followed the a f)p!ication of molasses 
to soils at the Station Agronomique and on Mr. Ebbel’s estate in MauritiuH 
where the residual effect is well shown, and also in Antigua. Feck in Hawaii, 
on the other hand, observed marked losses of nitrate, as also did Harrison in 
British Guiana/ 

‘ Laboratory investigations in humid olimates suffer from the difficulty 
that the soils already contain so much nitrogen that small (‘hanges are difficult 
to measure accurately, and there are losses of nitrogen which counter-balance 
any fltotion. Investigation would be easier in some of the soils very poor 
in nitrogen found in hot, arid conditions. Rigid incontestable proof could 
be furnished only by a demonstrated gain in nitrogen effected by Azotobad^er. 
all other possibilities being ruled out. This proof has not yet been forth- 
coming/ (Eussell, 1932.) 

* In . view of the fact that the energy added to the soil is not directly 
available to the nitrogen-fixing bacteria and that small amounts of available 
nitrogen are alwa,j^ present in the soil and the error in the laboratory determina- 
tion of total nitrogen by the Kjeldahl method is greater than the possible 
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amount of nitrogen fixed by nan-symbiotio bacteria, we are etill unable to 
decide the question definitely/ (Wokaman, 1927.) 

^ Wide use is being made in systems of agriculture of the bacteria, which 
work witli legumes, but the nitrogen fixing power of those which work outside 
the plant is as yet not utilised extensively by man, since the methods of con- 
trolling them are not well understood/ (Miller, 1924). A. Koch, J. Litzendorff, 
F. KruU, and A. Alves (1907) have reported nitrogen fixation in plates and 
pots with dextrose but Pfeiffer and Blanck (1912) could not obtain any nitrogen 
fixation with sugar. According to Hutchinson (1918) sugars show beneficial 
results in autumn but not in spring. 

Dr, H. W. Kerr has reported the following yield of sugar-cjane on applying 
10 tons of molasses per acre ii^ the Bundaberg farm in Queensland. 

No molasses . . . . . . 22*7 tons per acre, 

10 tons molasses . . . . , . 37*1 „ „ 

On the other hand, Crabtree working in the Fairy Mead farm in Queensland 
did not find any beneficial effect with molasses. In the discussion, Dr. Kerr 
(1932) stated r * The value of tbe molasses is probably due to its physical, 
chemical, and biological influences in the soil.’ On applying molasses to the 
growing crop, no beneficial effect was obtained at Pusa. Recently, an increase 
of yield to the extent of 36 per cent has been reported at the Shahjehanpur 
Government Farm on applying 10,800 kg. of molasses per acre in the cultivation 
of sugar*cane, before planting, Messrs. Parry & Co., Ltd,, of Madras have 
also obtained an increase of 40 per cent in the yield of sugar-cane. But when 
molasses was added to the growing crop, no beneficial result was obtained. 
We have observed that the energy liberated in the oxidation of the carbo- 
hydrates present in molasses either through the agency of bacteria or sunlight 
or induction or catalyst is utilised in the fixation of atmospheric nitrogen. 
Moreover, as molasses contains lime, potash, and phosphates, it ahoul<l 
have a fert-ilising value. Previous workers determined only the total 
nitrogen of the soil after the addition of energy-rich compounds, and as the 
difference in total nitrogen is not very high before and after the addition of 
energy-rich compounds to the soil, they were doubtful regarding the fixation 
of nitrogen in the soil. But atf* both the available (ammoniacal and nitric 
nitrogen) and the total nitrogen have been estimated, we have been able to 
detect the increase of available nitrogen and also total nitrogen in all oaseB 
of well aerated soils. Using three tons of molasses per acre of land, we have 
obtained a fixation of 112 lbs. of nitrogen per acre, 

The iailure of previous workers to obtain definite evidenffc of fixat^ 
is due to the lack of oxidation of the energy-rich materials in the soil due to 
insufficiency of aeration or the low temperature of the soil . 

The available and total nitrogen of BOils, which have been molassed for 
three consecutive years, ore gzeater than in soils tnolassed once or twice. It 
seems, therefwe, that molasses exerts a residual effect cm the soU* 
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Azotobacter rocRS NiTRoaKK vbbt wku'j ik Tkopioal Soils. 

In oold countries, the soil temperature being low and due to lack of sunshine, 
the velocity of the oxidation of energy -rich substances present in the molasses 
may be small and thus the energy avaUable from the oxidation of carbohydrates 
may be too small for any marked nitrogen fixation. That is why many workers 
like Pfeiffer and Blanck, Hutchinson and others were unable to find beneficial 
effect with sugars. Moreover, in temperate climates, Azotobacter is not 
suitable for nitrogen fixation as the fixation at 10^ and at lower temperature 
is practically nothing. The soil temperature in colder countries being lower 
t han 10® most of the time in the year, praotically no nitrogen fixation by Azoto- 
bacter is possible and that is why Azotobacter has not been utilised by agri- 
oulturiflts in cold countries, Thiele (1905) measured the soil temperatures 
of arable and grasslands daily for thiee years at Breslau, Germany, anci reported 
that only rarely worn they favourable for Azotobacter. Also Azotobacter 
requires more heat than Bacillus radicicola and several other bacteria and is 
eminently suitable for nitrogen fixation in tropical countries, except in the 
months of May and Jimo, when the soil temxierature during the daytime exceeds 
50®, beyond which Azotobacter is unable to fix nitrogen. This bactem should 
be widely used in the fixation of nitrogen in tropical countries when fed with 
energy-rich substances like molaases, pressmuds, cellulosic materials, etc. 
Recently Dhar and Tandon have measured the fixa tion of atmospheric nitrogen 
by pure cultures of Azotobacter thriving on mannite medium at 10®, 20®, 
30®, 35®, 40®, 50®, 60®, and 70®. It has been observed that the maximum 
nitrogen fixation (largest amount of ammonium salt formation) takes place 
at 35®, which is, therefore, the optimum temperature for tropical Azoto- 
bacter as against 28® obtained in temperate countries. There is hardly any 
ammonia formation at 10® on the one hand and at 60® on the other. At 70® 
no nitrogen fixation by Azotobacter takes place. This is a very interesting case 
where the lower limit of bacterial activity is much higher than with the nitrite 
formers, Bacillus raiicieda and several other bacteria. Moreover, the upper 
limit for Azotohader is also appreciably higher. For example, even at 50® j 
Azatebaoter can fix an appreciable amount of nitrogen and the fixation at 45® * 
is almost the some as at 20®. In the case of nitrite-formers, the bacterial 
activity ceases completely at 50® ; even at 40® the activity of the nitrite 
formers is quite small in comparison to that at the optimum at 35®, These 
results show definitely that Azotdbader can stand high temperatures better 
than that of the nitrite formers and several other bacteria. 

The optimum temperature for the nodule bacteria in temperate climates 
lies between 18® and 26® and is appreciably lower than that of Azdobacter. 
Moreover, BacMm radicieda cm thrive even at a temperature of 3® and that 
k why thhi bant^ria has been utilised to a much greater extent in Europe 
aiid 
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to aoil in h^apa. Composts with Molasses, 
Table 3. 

Hoapfl woro made on 20th February » 1936. 

(A) containing 80 kilograintj of garden soil -| 5 kilogramH of moladHOM, 
(H) MO 


( 0 ) 

i^) 

(E) 

m 


„ ,, M 'i-20 

„ Usar (alkali) soil + 5 
f 10 

M .. (-20 


The molaHRoa contained (>‘0021% aramoniacal nitrogen, 0*0001% nitric nitrogen, 
0-677% total nitrogen and 55-2% carbon in an oven dried sample . 



Aninioniacnl 

nitrogen 

■Nitric 

nitrogen 

Total 

nitrogen 

Total 

carbon 

Dfttxi of 
analysis 

Original garden soil 

0*0028% 

0*0032% 

0*0583% 

0*6625 

20-2-36 

(Original tlsor soil 

0*0010 

0*0016 

0*0264 

0*2907 


(A) 

0*0060 

0*0032 

0*0933 

2*612 

6-3-36 

(B) 

0*0080 

0*0030 

0*1272 

4-605 

,, 

(0) 

0*0102 

0*0027 

0*175 

8*604 


(D) 

0*004 

0-0010 

0*0583 

2-287 

pt 

(E) 

0*0067 

0*0016 

0-0934 

4-266 


(F) 

0-0002 

0*0015 

0*1261 

8*251 

»» 

(A.) 

0*0062 

0*0032 

0-10 

2*082 

27-3-36 

(B) 

0*0102 

0*0026 

0*14 

3*823 

!!► 

(0) 

0-0162 

0*0022 

0-181 

8*423 


(E) 

0*0028 

0*0016 

0*0662 

1*728 


(E) 

0-007 

00016 

0*099 

3*676 


(F) 

0*0120 

0-0014 

0-1462 

8*00 

»» 

(A) 

0*0074 

0*0032 

0*1068 

1-688 

17-4.36 

(B) 

0-0124 

0*0026 

0-1468 

3*012 


(0) 

0*017 

0*0022 

0*1862 

7*832 


(C) 

0*0042 

0*0016 

0*0692 

1*325 

TfP 

(15) 

0*0088 

0*0016 

0*1152 

2*781 


(F) 

0*01662 

0*0016 

0*1522 

7*032 

Pf 

(A) 

0*0076 

0*0032 

0*1065 

1*673 

28-4-36 

(B) 

0*0126 

0*0026 

0*1428 

2*879 

fP 

(0) 

0*0174 

0*0020 

0*1868 

7*263 

PP 

CD) 

0*0046 

0*0016 

0*0712 

M26 


(K) 

0*0097 

0*0016 

0*1212 

2*622 

fp 

(F) 

0*0156 

0-0014 

0.162 

7*00 

fP 

(A) 

0*0072 

0*0039 

0*1122 

1-325 

10-7-36 

(B) 

0*0087 

0*0064 

0*1672 

1*922 

fP 

(C) 

0*0114 

0*0082 

0*1987 

3*246 

tP 

(.0) 

0*0060 

0*0021 

0*0785 

0*885 


(E) 

0*0093 

0*0026 

0*1428 

1*6626 


(F) 

0*0084 

0*0067 

0*1728 

1*986 

II 

(A) 

0*0066 

0*0036 

0*112 

1*312 

25-8-36 

(B) 

0*0084 

0*0062 

0*1667 

1*984 


(C) 

0*0088 

0*0078 

0*1972 

3*226 



0*006 

0*0022 

0*0778 

0*896 


(E) 

0*0086 

0*006 

0*1426 

1*642 

ll 

m 

0-0082 

0*0061 

0*1724 

1*984 

ft 
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Russell (Soil Conditions and Plant Growth, 1932, pp. 430-437) states ; 
‘ In neutral soils of cool countries Bmillm radicicxda is the most active fixer 
of nitrogen and Azotobacter is relatively inactive 

‘ In alkaline soils of warm climates, on the other hand, Azotobacter is 
greatly stimulated ; BaciUua rridicicola is not ’ 

In tropical countries if the soil is ploughed after the addition of molasses, 
there is no reason why soil fertility regarding combined nitrogen should not 
be increased. 

The above results show that when molasses is added to soil (normal or 
alkaline) in heaps and exposed to air and light, the available and total nitrogen 
are considerably increased. The total nitrogen is more than double that of the 
oiiginal amount present in the soil before the addition of molasses. Hence 
considerable fixation of nitrogen takes place and excellent (composts are prepared 
with molassed soils, of which the carbon-nitrogen ratio becomes normal and 
attains the value of 11*5. 


Nitrogen fixation and Azotobackr count on the wppUcMion of Molasses, 
Carbohydrates, Starch, and Glycerol. 

Dhar and 8eslmcharyulu (May, 1936) have investigated how the Azoto- 
backr in soils under natural conditions will l)e affected by the application 
of molasses and whether there is any (correlation between the Azotobacter 
numbers and the amount of fixation of atmospheric nitrogen. 

Different amounts of molasses, 10 and 30 kilograms, were added to two 
equal jdots of land of area 144 sq. ft. and a third plot of equal area was kept 
as control without the addition of molasses. The Azotobacter (^mint and 
the nitrogen estimations (ammoniacal, nitric and total nitrogen) of all the three 
plots were made before the addition of molasses and afterwards at regular 
intervals. The plots were dug up twice a month and the same amount of 
water was added to the three plots at the same time. The soil in all the 
experiments was taken from depths varying from zero to nine inchoH. A 
random sampling was made from 40 to 50 places in each plot, Azotobacter 
counts were mode by the plate method using Beijorinck’s mannite medium 
to which 2% agar was added. 
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TabLS 4. 


Plot containing 30 kilograms of molasaes. 





Number of 



AttxmoJiiaoal 

Total 

Azotobacter 


Bate. 

nitrogen 

nitrogen 

in millionjs 



% 

% 

per 1 gm. of 





dry soil 


22-10-30 



6*4 

Nitric nitrogevi varied from 

26-10-35 

0-00221 

0096.3 

6-6 

0-00396% tio 0*00464%. 

3 11-35 

(T*00247 

0-0953 

! 4-7 


1M1.35 

000260 

0*0966 

67-7 


16-11-35 

0-00273 

0-0966 

j 58300 


22-1136 

0*0028 

0-0966 

5960-0 


30-11-36 

0002904 

0'(i976 

5040-0 


7-12-35 

0*00305 

0-1 

25600-(i 


18-12-35 

0-00373 

0*1024 

27600-0 


29-12-35 

0-003904 

0*1036 

27600*0 


18-1-36 

0-(KK2 

0*1076 

j 226004) i 

6-2-36 

' 0*00448 

0- 1076 

25400-0 

12-3-36 

0003904 

0*1030 

14100 j 


Table 6, 


Plot containing 1 0 kilograms of molasses. 


Date 

Ammoniac al 
nitrogen 
% 

Total 

nitrogen 

% 

Number of 
Azotobacter 
in millions 
f>©r 1 gm. of 
dry soil 


22-10-35 



6*1 

i' ■ 

Nitric nitrogen varied from 

26-10-36 

0-6oi55 

0-088 

6-2 

0 0033»% to 0 00»7%. 

3-11-36 

0*0024 

0-0884 

17*9 


lMl-35 

0-00286 

0-0912 

17*7 


16-11-36 

0-0029 

0*0912 

16-4 


22-11-36 

0-00305 

0-0932 

16*8 


30-11-35 

0-00287 

0*0932 

17-2 


7-12-36 

0-00284 

0-0932 

17-8 


18-12-36 

0-00284 

0-0982 

22-2 


29-12-36 

0-00282 

0*0922 

20-4 


18-1-36 

0-0028 

0*0922 

21*0 


6-2-36 

0-0028 

0-0922 

22*6 


12-3-36 

0*0024 

0*0912 

10*7 
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Table 6. 


Control plot. 


Pate 

1 

Ammoniacal 

nifcrojrcn 

<y ' 

Ai 

Total 

nitroj^n 

%' 

Number of 
Azotobactor 
in millions 
per 1 gm, of 
dry soil 


3240^85 



2*3 

Nitric nitrogen varied from 

26-10*86 ! 

0>6oi24 

0*082 

2*3 

0*00304% to 0*00288%. 

3-11-36 ! 

0*0013 

i 0*08 

2*0 


11-11-35 i 

1 0*001216 

1 00792 

2*7 


15-11-35 

1 0-001216 

1 0*0792 

2*3 


22-11-35 

0-001216 

1 0*0792 

2*5 


30-11-36 

0*001216 

; 0*0792 

2*3 


7-12..35 

0(8)1216 

1 0*0792 

2*6 


18-12-35 

0*001216 

i 0*0792 

1 2*8 


20-12-35 

! 0*001216 

! 0*0792 

2*5 


18-1-36 

i 0*001216 

0*0792 

2*1 


5-2-36 

j 0*001216 

1 0*0792 

2*6 

1 

12-3-36 

1 0*0012 

0-078 

1*3 

i 


From the foregoing results it is clear that Azotobacter numbers in the 
soil inoroase in abundance on the application of molasses and reach a maximum, 
where they remain more or less stationary, but the rate at which they 
develop is not proportional to the nitrogen fixed. Another interesting 
fact is that whenever there was an increased fixation of ammoniacal nitrogen 
there was almost a steadiness in the bacterial numbers. This fact leads us 
to the oonclusiou that fixation of atmospheric nitrogen is not mainly bacterial 
but is aided by other agencies. Moreover, in the case of the plot containing 
30 kilograms of molasses, we observe that there was a slight decrease in the 
Azotcbacter numbers in the beginning compared to the blank, though there was 
an increase in the ammoniacal nitrogen. These facts go to show that there is 
no real correlation between the Azotahaoter numbers and soil nitrogen increase. 
The Azotd>acier develop abundantly on the addition of jnolasses to the soil 
and thus help in the nitrogen fixation in addition to the photochemical, induced 
or catalytic oxidations going on simultaneously. Another important fact is 
that not only the available nitrogen but also the total nitrogen of the soil 
inOTeases considerably by the application of molasses. No appreciable change 
either in the Azol^cbackr numbers or nitrogen content of the control plot is / 
observed. 

Niifogm fix^ion mid Azotobtixier muni on the addition of Httgat and 
glncom to the soil in basim. 

In order to investigate further whether the fixation of atmospheric nitrogen 
in tropical soils is mainly a bactoiai one or due also to photochemical 
aoid other agencies, experiments were done by the above authors by adding 
cane sugar and glucose to the scut in basins and exposing to sunlight. 
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1000 gms. of garden soil were mixed with 20 gms. of csane sugar or glucose 
and 300 ox*, of water in enamelled basins and exposed to the sunlight daily 
for sevoii hours. Some basins with the same substances were kept in a dark 
room in order to exclude light. In one set of the exj)erimonts 2 gms. of calcium 
carbonate were added. 160 c.c. of water were added twice a day to the exposed 
basins and 160 c.c. of water to the basins kept in the dark afte every thnw 
days for maintaining an uniform moisture content. Before the commencement 
of the experiment estimations of nitrogen, total carbon, and Azatohacler 
numbers of the original soil were done. At regular intervals, the nitrogen 
content, total carbon, and Azotohacfer counts of the exposed and dark basins 
were determined. 

The following results were obtained:- ^ 

Table 7. 


I Hlofjram of soil 4- ^ (fnis, calcium ccwfoonate 4 20 gins, cane sugar. 
Exposed. 



Ammonmctftl 

nitrogen 

% 

Total 

nitrogen 

% 

Total 

earbon 

o/ 

,0 

Number of 
Axotobactor 
in millions 
per 1 gm. of 
dry Bon 


30.12-1035 
original soil 

0^00124 

0-0433 

0*4677 

12*6 

Nitric nitrogen 

13-1-36 1 

0*00162 

0-0433 


8*6 

varied from 

30-1-36 

0-00215 

0-0442 

1*6356 

0*3 

0*00316% to 

15-2-36 

0-00364 

0-0488 

0.866 

11*3 

0*0036%, 

29-2-36 

0-00464 

0-0506 

0*713 

18*3 

16-3-36 

0-00552 

0*061 

0*006 

18-8 


31-3-36 

0*00488 

0-0506 

0*563 

13*2 


14-4-36 

0-00302 

0*0506 

0*657 

14-6 



Tabi:4» 8. 


I kUogram of soil +20 gms, cane sugar. 
Exposed. 


Dutc' 

Ammoniacal 

nitrogen 

0/ 

/o 

Total 

nitrogen 

% 

Total 

carbon 

% 

Number of 
Aasotobacter 
in mUliona 
per 1 gm, of 
dry soil 


30-12-1035 
original fcioil 

0*<K)124 

0*0433 

0*4677 

12*6 

Nitric nitrogen 

13-1-36 

000143 

0*0433 

.... 

0*0 

varied from 

30-1-30 

000206 

! 0-0442 

1*0401 

7*9 

0*003168% to 

15-2-36 

0*0036 

0*0482 

0-866 

10*3 

0*0036%, 

20-2-36 

0*00436 

0*05 

0*718 

19*2 

16-3-36 

0-00524 

0-0606 

0*602 

18*2 


31-8-36 

0*00476 

0-06 

0*662 

17*1 


14-4-36 

0*0088 

0*06 

0*540 

16*2 
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Tabm 0. 


] kilogram of soil 2 gms. calcium mrbowUe f 20 gms. cam sugar. 

Dark. 


Dato 

Aimnoniacai : 
iiitrogoii 

0/ 

/o 

I’otal 

nitrogen 

'o 

Total 

narboti 

/'O 

Number of 
Azotobac'tyor 
in miUionB 
per 1 gm. of 
dry soil 


aO-12-1935 
original woil 

0-00124 

00433 

0-4677 

12-5 

Nitric nitrfigen 

13-D30 

0-00126 

0-0433 


9-5 

varied (Von\ 

30-1-30 

0-00157 

0-0433 

M383 

33-7 

0-003168% to 

15-2-36. 

0-00215 

0-0456 

1-028 

175-0 

0-00325%. 

29-2-30 

0-00288 

0-0472 

0*928 

250-0 

16-3-30 

0-0032 

0-0472 

0-837 

375-0 


31-3-36 

0-00372 

0-0488 

0-696 

4150 


14-4-36 

0-0036 

0-0488 

0-618 

395-0 



Table 10. 


I kilogram of soil -(-20 gtns, cam sugar. 


Dark. 


Date 

Ammonxaoal 

nitrogen 

/o : 

Total 

nitrogen 

% 

Total 

carbon 

0/ 

/O 

Niimbor of 
Azotobacter 
in millions 
per 1 gm. of 
dry soil 


30-12-1035 
original aoil 

0-00124 

0*0433 

0*4677 

12-5 

Nitric nitrogen 

13-1-36 

0-00126 

0-0438 

.... 

7-4 

varied firam 

30-1-36 

0-00162 

0*0433 

M494 

28-8 

0-003168% to 

16-2-36 

0-0021 

0*0466 

1*028 

170^0 

0-00326%. 

20-2-36 

0-00288 

0-0472 

0-922 

245*0 

16-8-86 

0*00836 

0-0472 

0-832 

364-0 


31-3-36 

0*0038 

0-0488 

0-698 

420-0 


14-4-86 

0*00872 

0-0488 

0-614 

400-0 
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TABtS 11. 


1 kilogi'atn oj wn7 4' 2 r/wmr. ettldum carhonatp. +20 gnut* glueoup. 


KxpOHoc! . 



Aminoniaoal 

Total 

Total 

Number of 
Azotobaeter 


Date 

nitrogen 

% 

nitrogen 

% 

carbon 

/o 

in millions 
per 1 gm. of 
dry soil 


+2-1936 






original soil 

000123 

00433 

0-4677 

U-2 

Nitric nitrogen 

22.2-36 

000168 

0-0433 

M734 

10*2 

varied fVom 

7.3-86 

0-0028 

0 046 

1-0014 

18-8 

0-003168% to 

21-336 

000348 

0-0488 

0-830 

17-3 

0-00382«+ 

7-4-36 

0-0044 

0-05 ! 

0-691 

15-4 

21-4-30 

000372 

0-05 1 

0-638 

15-8 


7-6-36 

0-00336 

0-0488 

0-586 

! 15-1 


21-6-36 

0-0032 

0-0488 

0-626 

1 . 15-6 


7-6-36 

0-00305 

0-0488 

0-518 

15-0 



Tabiot. 12. 


J kilogram of aoU +20 fiWW. gUtcoae. 


Exposed. 


Date 

Ammoniac al 
nitrogen 
% 

Total 

nitrogen 

% 

Total 

carbon 

% 

Number of 
Azotobaotor 
in millions 
per 1 gm. of 
dry soil 

] 


4-2-1936 






original soil 

0-00128 

0-0433 

0-4677 

. 1+2 

Nitric nitrogen 

22-2-36 

0 00186 

. 0-0433 

1-1778 

9-9 

varied from 

7-8-36 

0-0028 

0-0466 i 

1-0014 

17-4 

0*903168% to 

21-3*36 

0-00336 

0-0477 

0-842 

ie-3 

0-0039%. 

7-4*36 

0-00462 

0-06 

0-694 

16-8 


21-4-36 

0-00388 

O-OS 

0-642 

ie*i 


75.36 

0-00343 

0-0488 

0-601 

16*2 I 


21-6-36 

0-00336 

0-0488 

0-526 

16*1 


7-6-36 

0-00306 

0-0488 

0-018 

16*6 
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Table 13. 

1 hihgram of soil -f 2 fiww. cakitm ea/rbonak + 20 gms. gUioom. 
Dark. 


Date 

AmmoniaoHl 

nitrogen 

% 

Total 

nitrogen 

% 

Total 

oarbon 

% 

Number of 
Azotobacter 
in millions 
per 1 gm. of 
dry soil 


4-2-1936 




■ 

1 

Nitric nitrogen 

original boU 

0*00123 ; 

0*0433 

0*4677 

11*2 

varied from 

22-2-36 

0*00142 

0*0433 

1*2066 

18*5 

0*003168% to 

7-3-36 

OOOJOS 

0*0433 

M232 

36*5 

0*00328%. 

21-3-36 

000204 

0*0456 

1*0221 

168*0 


7-4-36 

0*00258 

0*0466 

0906 

232*0 


21-4-86 

0*0029 

0-0466 

0*8074 1 

1 315*0 


7-5-36 

0-00329 

0*0472 

0*6748 

390*0 


21-5-36 

0*003 

0*0472 

0*6127 

365*0 1 


7-6-86 

0*0029 

! 

0*0472 

0*5636 

326*0 . 

1 



Table 14. 

1 kihgtam of soil 4 20 gms. glucose. 
Dark. 


Date 

Ammouiacal 

nitrogen 

% 

Total 

nitrogen 

% 

Total 

carbon 

o/ 

/o 

Number of 
Azotobacter 
in millions 
per 1 gra. of 
dry soil 


4-2-1936 
original soil 

0-00J23 

00433 

0*4677 

11*2 

Nitric nitrogen 
varied from 

22-2-36 

0*0014 

0*0433 

1*2016 

18*0 

0*003168 to 

7-3-36 

0*00164 

0*0433 

1*1 224 

37*5 

0*00328%. 

21-3-36 

(i*0021 

0*0456 

1*021 

170’0 

7-4-36 

0*.00264 

0*0466 

0*908 

228*0 


21-4-36 

il'0028 

0*0466 

0*8078 

320*0 


7-6-36 

0*00323 

0*0472 

0*6662 

395*0 


21-5-36 

0*00305 

0*0472 

0*6088 

350*0 


7-6-86 

0*00294 

0*0466 

0*6546 

346*0 



The above results show that although the Azoiobacler numbers in the basins 
exposed to sunlight for 7 hours doily are much less, the amount of ammonia 
and total nita*ogen are greater than in those kept in tlte dark. Moreover, 
the amount of par bon in the exposed basins are loss than in those kept in the 
deik. Hence in presence of sunlight the oxidation of eubstanoos like canesugar 
and gluoose is greatly facilitated and causes the fixation of nitrogen in greater 



88 N. K. DHAB, S. K. MUKKBJl, B. V. SB8HA0HAHnJI.tr & 8. P. TAH^DOH : 

amounts than in the dark. Tt is clear, therefore, that in the presence of light 
the photochemical oxidation of energy-rich substances can cause nitrogen 
fixation just as the bacterial agency does under ordinary conditions. Therefore, 
along with bacterial fixation of nitrogen in tropical soils there is considerable 
fixation due to the photochemical oxidation of energy-rich substances and 
that is why, although the number of Azotobacter in the basins receiving 
sunlight is much loss than in the basins kept in the dark, the ammonia and total 
nitrogen contents are greater than in the dark ones. 

It may be argued that when the basins are exposed to the light the tempera- 
ture of the soil is increased and this leads to an increased activity of Azotob<icUr 
and hence an increase in the nitrogen fixation. The temperature of the basins 
receiving sunlight varied from 40^-44"^, whereas the dark room temperature 
varied from 25®*-30°. In a previous paper, Dhar and Tandon (Proc> National 
Academy of Sciences ^ India, 1936, 6, 35) have reported that the optimum tem- 
perature for Azotobacter is 35*^ and the fixation at 45° is practically the same 
as at 20°. Hence the nitrogen fixation due to A zotobacter alone should be 
practically identical in the basins kept in the dark room or receiving sunlight. 
In order to test this point further, 200 gms, of the garden soil mixed with 2 gms. 
of glucose and 32 c.o of water were incubated at 32°-33°. Exactly another 
basin was exposed to sunlight. 

The temperature of the exposed basin varied from 42 '“44°. To the 
exposed one 32 c.c, of water were added twice a day and to the incubated 
one 32 c.c. after every five days in order to keep the moisture content the same. 
Both the soils were analysed simultaneously on the following dates recorded 
in the table. 

TAmM 15, 


Exposed to sunlight. 


Date 

Ammoniacal 

nitrogen 

Total 

nitrogen 

Total 

carbon 

Number of 
Azotoba(3ter 
in miUions 
per 1 gm. of 
dry soil 

10-3-36 

O’OOIOS 

0*042 

0-441 

7-2 

original soil 





1-4-36 

00024 

0*00446 

0-6U) 

12*6 

11-4^36 

•0*00304 

0-00456 

0-611 

15-7 


Incubated. 


1-4-36 1 

0‘001«6 

0-0437 

0-684 

31-8 


0-00214 

0-0442 

0-602 

45-0 


The above results show that although the soil is incubated at 32°-33°, 
whidi is very near the optimum for AzotohaeUfr, yet the ammonia and total 
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nitrogen contents of the one incubated are less than that exposed, whose 
temperature while receiving simlight is 42”--44°. It appears, therefore, that the 
greater nitrogen fixation in presence of light is chiefiy due to the photo-oxidation 
of the energy -rich compounds. 

The size of the colonies developed on the plates containing the incubated 
soil are much bigger than those obtained from the exposed one. In the soils 
kept in the dark the colonies tu'e also appreciably bigger than the colonies 
obtained from the soils receiving sunlight. A tentative suggestion may be 
offered as to the reason of the difference in size that the generation time of 
those kept in the dark and also incubated at is loss compared to those 

exposed, probably sunlight inhibiting the growth. If bacterial metabolic ac- 
tivity is considered to go hand in hand with the growth activity, the fixation 
of atmospheric nitrogen in the incubated and dark basins should have been 
more than the ones exposed, if no other agent was responsible in nitrogen 
fixation. Therefore in tropical soils, along with bacterial fixation, photo- 
chemical fixation seems to play a j)rominent role. 

An interesting point can l>e deduced from our observations that the fixation 
is not much affected by tlie presence of calcium carbonate. This behaviour 
is due to the fact that soils witli which wo carried on our experiments are 
rich in calcium. 

Similar experiments are in progress with starch, glycerol, mannitol, and 
mixture of molasses and soil in heaps. In the case of the starch, sugars were 
detected both in the (3xposed and dark basins. The following results were 
<jbtained. 


Tabloc 16. 

1 kilogram of aoil 4-60 gtm. «tarch. 


Expoficd. 


Bate 

1 ’* 

Aininoniacal 

nitrogen 

% 

1 Total 

nitrogen 
% 

Total 

carbon 

% 

■ 

Number of 
Azotobaetor 
in millions 
per 1 gm. of 
dry «oil 



10-3.1936 
original bqU 

0 00108 

0042 

0*441 

7-2 

Nitrio lutrogen 
varied from 

9-4-86 

000109 

1 0042 

.... 

6*8 

0'0024% to 

30-4-36 

0-00184 

00433 

2*4425 

8*2 

000262. 

20-6-36 

0‘00232 

0-0442 

2*37 

9*1 


20-6-36 

0-00294 

0-0451 

2*2766 

16*6 


16-7-36 

0'00336 

0*0461 

2*1763 

19^8 


26-7-36 

000372 

0*0472 

2*0932 

28*2 


7-10-36 

00063 

0*061 

1*4411 

88*6 


7-11-86 

0-0056 

0-068 

1*2692 

31*2 
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Tabxjb 17. 


1 kUogram of aoU +00 gme, starch. 


Dark. 


Date 

Ammoniacal 

nitrogen 

% 

Total 

nitrogen 

% 

Total 

carbon 

% 

Number of 
Azotobactor 
in millions 
per 1 gm. of 
dry soil 


10.3-1936 
original soil 

0*00108 

0*042 

0*441 

7*2 

Nitric nitrogen 
varied from 

9-4-36 

0*00108 ; 

0*042 1 

.... 

8*1 

0*0024% to 

30-4-36 

0*0014 

0*042 1 

2*5182 

11*2 

0*0025. 

20-6-36 

1 0*00152 

0*042 

2*4761 

18*5 


20-6-36 

0*00184 

0*0433 1 

2*4137 

! 26*8 


16-7-36 

0*0021 

0*0437 1 

2*3352 

1 46*0 


28-7-36 

0*00232 

0*0442 ' 

2*2654 

1 98*0 


7-10-30 

0*0031 

0*0461 1 

1*8286 

205*5 


7-11-36 

0*0032 

0-0461 j 

1*7164 

266*0 1 



Tabi;k 18. 


1 kilogram of soU + 60 gma. glycerol. 


Exposed. 


Date 

! 

Amtnonlacnl 

nitrogen 

0/ 

/o 

i 1 

Total 

nitrogen 

0/ 

"o 

1 

10-S-11)36 
original soil 

0*00108 

0*042 

7.4-36 

0*00168 ! 

0*042 

3-S-36 

0*00232 1 

0*0442 

3»-r)-!»« 

0*00204 ' 

0*0461 

l»-(!-86 

0*0034 

0*0461. 

16.7.36 

0-00364 ; 

0-0466 

26-7-36 

0*00388 

0-0461 

7-10.36 

0*00464 

0*0482 

3-11-36 

0-00608 

0-06 


1 

Total 

carbon 

% 

Number of 
Azotobaoter 
in millions 
per 1 gm. of 
dry soil 

i 




Nitric nitrogen 

0*441 

7*2 

varied from 

2*2726 1 

0*1 

(»0024% to 

2-1737 

9*7 

6-00258%. 

2*0314 1 

13*5 


1*9188 ] 

21-5 


1*8123 

27-0 


1'731X 

30-8 


1*2686 

36-2 


1-0952 
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Table 19. 

I kilogra/m of Boil -1-50 grm. glycerol. 
Dark. 


Dat/O 

Animoniaoal 

nitrogen 

% 

j 

Total 

nitrogen 

% 

Total 

carbon 

*y 

/o 

NnmlKsr of 
Azotobacter 
in miUions 
per 1 gin. of 
dry soil 


10-3-1936 
original soil 

0-00108 

0-042 

0-441 

7-2 

Nitric nitrogen 
0*0024% • is 

7-4-36 

0-00134 

0-042 

2-3354 

12-2 

constant. 

3-5-36 

0-00176 

0-0428 

2-267 

22-7 


29-5-36 ; 

0-00208 

0-0437 

2*1838 

68-0 


18-6-36 

0-00232 

00437 

2-1066 

86-5 


16-7-36 

0-00258 

0-0437 

2-0164 

98-5 


29-7-36 

0-00264 

00442 

1-9582 

128*6 


7-10-36 

0-003 

0-0451 

1-6544 

215-4 


3-11-36 

! 0-0031 

0-0451 

1-561 

286-0 



Table 20. 

I kUogram of boU +20 grm. fTianniiol. 
Exposed. 


Ammooiaoal Total 

Date nitrogen nitrogen 

% % 


20 - 4.1930 

original soil 0 00162 0-043 

5-6-36 0*002 0-043 

22-6-36 0-0028 0-0464 

8-0-36 0-0036 0*0472 

24-6-86 0-00436 0-0489 

14-7-36 0-006 0*0606 

26-7-36 /0-00636 0-061 

10-8-36 (V0062 0*061 


Number of 
Total Azotobacter 
carl>on in milUoriK 

% jwr 1 gra. of 

dry soil 


Nitric nitrogen 

0- 494 6-5 varied from 

1- 2087 H-8 0*00808% to 

1-0726 16-6 0*0032%. 

0-9639 20*6 

0-8118 38*5 

0-7166 32*6 

0-6482 29-8 

0-6846 30*5 
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Tabxb 21. 

1 kilogram oj boU +20 gma» mannitoU 
Dark. 


Date 

Ammoniaoal 
nitrogen > 
% 

Total 

nitrogen 

% 

Total 

carbon 

% 

Number of 
A 2 otobaoter 
in millions 
per 1 gm. of 
dry soil 


20-4.1036 





Nitric nitrogen 

original soil 

0*00162 

0-043 

0-494 

6*5 

0*00308 IS 

6.6*36 

0*00174 

0-043 

1*2266 

17*5 

constant. 

22<6.30 

0*00207 

0-043 

M664 

29-2 


8-6-36 

0*00262 

0*0464 

1-0912 

110-0 


24-6-36 

000294 

0*0464 

1*0091 

176-0 


14-7-36 

000341 

0*0406 

0-9299 

236*0 


26-7-36 

0*00368 

0*0472 

0*8516 

292*6 


10-8-36 

0*00384 

0*0477 

0*7684 

366*8 




TA.BnK 22. 

Heap (80 kg. of soil + 10 kUogi mm of moUiasef^). 

Exposed. 






Niunber of 


Date 

Ammoniaoal 

nitrogen 

Total 

nitrogen 

Total 

carbon 

^otobwster 

in 



% 

% 

% 

per 1 gm. of 
dry son 


4-4-1086 
original soil 
21-4.36 

0*0014 

0*0866 

0*481 

8*6 

Nitric nitrogen 
0*0024% is 

0-007 

0*1 

3*8642 

0*3 

constant. 

«.6.36 

0*00032 

0*1076 

8*5031 

3*6 


25-0-36 

0*0112 

0*112 

8*8511 

8*4 


14*4^36 

0*0127 

0*114 

8*0707 

10*6 
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Table 23. 

Heo^ (80 hg, of mil 4-10 kilograms of moXoMM). 
Bark. 


Bate 

Ammoniacal 

nitrogen 

% 

Total 

nitrogen i 
% 

Total 

carbon 

% 

Number of 
Azotoboctor 
in nxillions 
per 1 gm. of 
dry BOil 


4-4-1936 





Nitric nitrogen 

original eoil 

O'OOU 

0*0.366 

0*431 

8*6 

0*0024% is 

21-4-36 

0*00404 

0*0932 

40232 

0*9 

constant. 

6-5-30 

0*0056 

0*096 

3*8704 

10*0 


26-5-30 

0*007 

0-1014 

3*7222 

26*6 


14-6-36 

0*008 

0*1014 

3*6033 

48*6 



In order to Kind out whether the above conclusion, namely photochemical 
fixation of atmospheric nitrogen in tropical soils, holds good in fields the follow, 
ing experiments were also performed in fields : — 

Six plots of equal area (fi'x4') were taken. To one set of 2 plots 10 kilo- 
grams of molasses were added and to another set of 2 plots 5 kilograms were 
added. The remaining 2 plots were kept as control. One plot from each set 
was covered with wooden planks on raised bricks in order to exclude sunlight 
and the other plots wore exposed. The exposed plots were watered after 
every 4 days and dug up and the covered plots were watered once a week 
but dug up simultaneously with the exposed plots. At regular intervals the 
Azotobacter count and nitrogen estimations of all the plots were carried on. 
The temperature of the exposed plots during the months of April, May and June 
varied from to 38"^ at depths var 3 ring from 1 to 6 inches and that of the 
covered plots from iV to 31®*6 at the same depths. 
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The following results were obtained : — 

Thsm 24. 

Plot (O' X 4') containing 5 hitograms of molatMM. 

Exposed. 


Date 

ArnTnonincal 

nitrogen 

% 

Total 

nitrogen 

o/ 

/o 

Total 

carbon 

o/ 

/o 

Number of 
Azotobactor 
in millions 
per 1 gru. of 
dry soil 


14-44936 i 





Nitric nitrogen 

original soil ' 

0-00175 i 

0*0874 

0-7858 

2*1 

of the 

plot 

27-4-36 

0-00244 

00874 1 

1-2054 

10-5 

varied 

from 

9-5-36 

0*00328 

0-09 

M326 

32*0 

000311% 

t 0 

21-5-36 

0-00388 , 

0-092 I 

1-0474 

40*5 

0-0636%. 


31-5-36 

0*00432 : 

0-0932 1 

1-0021 

48-5 



10-6-36 

0-00444 

0-004 

0*9693 

42-0 



17-7-36 

0*004 

0-004 

0*9562 

49-5 



15.10-36 

0*0031 

0*0932 

0*9411 

30*5 




TabIiE 26. 


Plot {O' X 40 containing 6 kHogramn of niolan^es. 


Covered. 


Dab^ 

Ammoniacal 

nitrogen 

% 

Total 

nitrogen 

% 

Total 

carbon 

% 

Number of 
AsRotobacter 
in millions 
yxjr 1 gm. of 
dry Boil 


14-4 1936 





Nitric nitrogen 

original soil 

0-002 ’ 

0-094 

0*8648 

1-9 

of the plot 

27-4-36 

0-00233 1 

0-094 

1*3376 

21*2 

0*00294% ia 

0-5.36 

0-0028 

0094 

1-2062 

45*0 

constant. 

21-5-36 

00030H 

0*096 

1*2331 

56*0 


31-5-38 

0*00328 

0-0978 

M946 

62-0 


16-6-36 

0*00368 

0-0978 

M347 

90*0 


17-7-36 

0*00388 

0*0978 

1*0504 

115*0 


1540-36 

0*00292 

0096 . 

0*9824 

56*2 
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Tablb 26. 


Plot (O' X 4') containing 10 kilograms of molasses. 


Exposed. 


Date 

Ammoniacttl 

nitrogen 

0/ 

/o 

Tntal 

nitrogen 

tv 

/o 

. . . . 

Total 

eai’bon 

Number of 
Azotobaoter 
in millions 
per 1 gm. of 
dry soil 


11-4-1936 
orij^itial soil 

0*00236 

0*08 

0*7332 

2*1 

Nitric nitrogen 
of the plot 

23-4-36 

0*0028 

0*08 

1*5364 

4*3 

varied frcim 

6-6-36 

0*00348 

0*0822 

1*4642 

2.3*5 

0*0036% to 

17-6-36. 

0*004 

0-0832 

1*389 

32*5 

0*00352%. 

28-6-36 

0*00432 

0*0848 

1*327 

40*0 

16-6-36 

0*005 

0-0864 

1*246 

72*5 


16-7-36 

0*0066 

0*0878 

M216 

88*6 


4-8-36 

0*004 

0*0804 

1*0014 

82 

After heavy raitis. 

18-10-36 

0*00308 

0*0864 

0*9624 

60*2 



Tabi^ 27, 

Phi (6' X 4') containing 10 kilograms of molasses. 


Covorod. 


Bate 

Ammoniacal j 
nitrogen ! 
% 

Total 

nitrogen 

% 

Total 

carbon 

% 

Number of 
Azotobacter 
in tniUions 
per 1 gin. of 
dry soil 


11-44936 
original soil 

0*00208 

0*0932 

0-9207 

2*6 

Nitric nitrogen 
of the plot 

23-4-36 

0*00236 

0*0932 

1*7419 

6*8 

0*0036% i H 

6-5-36 

0*00274 

0*094 

1*6919 

34*5 

constant. 

17-6-86 

0*00294 

0*094 

1*6334 

43*0 


28-6-36 

0*00308 

! 0*0968 

1*6872 

S0*6 


16-6-36 

0*0034 

0*0964 

1*5234 

80*0 


16-7-36 

000388 

0*0964 

1*4236 

135*0 


4-8-36 

0*00308 

0*0958 

1*2086 

8$ 

After heavy muxs. 

1840-36 

0*00274 

0*094 

0*9824 

62*0 
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Tabiai 28. 

OofUrol plot (6' X 4'). 

Exposed. 


Date 

Auuuoniaoal 

nitrogen 

0/ 

/o 

Total i 

nitrogen 
% 

Total 

carbon 

% 

Number of 
Azotobacter 
in millions 
per 1 gm. of 
dry soil 


16-4 1996 

0’00175 

0-1 

0-903 

2-4 

Nitric nitrogen 

28*4-86 

0-00175 

0-1 

0-903 

2*6 

of the 

plot 

11-5-36 

0-00176 ; 

01 

0*903 

1*6 

varied 

from 

22-6-36 

0-00176 

0-1 

0-903 

1-7 

0*00328% 

t 0 

1-6-36 

0-00169 

0-0986 

0*903 

1-8 

0*00388%. 


16-6-86 

0-00169 

0-0986 

0*903 

2*1 



18-7-36 

0-00169 

0*0986 

0*903 

2-9 



20 10-86 

0*00169 

0-0986 

0*903 

2*7 




Tabxjb 29. 


CionUrol plot (6' X 4'). 


Covered. 


i 

1 

1 

Date 

Ammoniacal 

nitrogen 

% 

Total 

nitrogen 

% 

r"~ ■ 

Total 

carbon 

% 

Nximber of 
Azotobacter 
in millions 
per 1 gm. of 
dry soil 


16-4-1936 1 

0-00184 

0-0902 

0*8844 

2*03 

Nitric nitroj^ 

28-4-36 

0-00184 

0-0902 

0*8344 

2*8 

of the ^ot 

n-6-36 ! 

0*00184 

0-0902 

0*8344 

2*4 

0*00328% i s 

22-6-36 i 

0*00184 

0-0902 

0*8344 

2*8 

constant. 

1-0-36 

0*00184 

0-0902 

0-8344 

2*6 


18-6-36 

0*001804 

0-0876 

0*8344 

2*9 


18-7-86 

0*001804 

0*0870 

0*8344 

8*0 


20-10.36 

0-001804 

0*0876 

0*8344 

3*1 



The foregoing reeults olearly substantiate the conclusion that in tropical 
soils along with bacterial fixation, photochemioal fixation of atmospheric 
nitrogen is prominent. Another point we hare observed is that the greater 
the total nitrogen of the original soil the smaller the amount of nitrogen fixed 
on the addition of molasses. 
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Pbobablb Mbchakish of Nitboobk Eixatiok. 

It ia believed that tinder both anaerobic and aerobic conditions, ammonia 
is the first product of nitrogen fixation, as ammonia is easily detected in the 
fixation of atmospheric nitrogen. Glucose has been found to decompose 
into pyruvic acid and hydrogen under anaerobic conditions according to the 
equation :»<7eHijO«=«2CH8CO(X)OH+2H8-f 12 Cal. In presence of the 
nitrogen of the atmosphen^ and on the soil surface, the hydrogen obtained 
from the decomposition of glucose may form ammonia according to the 
equation : — ^N2+3H2=2NHj-h24 Cal. 

In pi*e8ence of oxygen, however, that is, under aerobic conditions, it is 
flifficult to assume that ammonia is also the first product of nitrogen fixation, 
Betm.use, in presence of oxygen, glucose can undergo one or more of the fallowing 
oxidations on the soil surface : — 

(1) 602«6COs+bHjO+676 Cal. 

(2) C,H„0ft+4J02=3C2H*044-3H20-f 493 Cal. 

(3) C«H„0e+li0j==C.HA4-2H20+199 Cal. 

(4) C2 Hjj| 05+02 =CjHiq 07 +Hj 0 +x Cal. 

(6) CeH«0e+J0,-CeHi207+xCal. 

It seems that in the presence of air, the first change (1) is the most import- 
ant. The above organic acids, which may be produced under aerobic condi- 
tions, and the organic acids (e.g., acetic, propionic, but3iTic, lactic, etc.) and 
traces of alcohol, glycerol, etc., which may be generated in anaerobic conditions, 
are also easily oxidised to carbonic acid on the soil surface liberating energy. 
Hence, a large quantity of energy is available on the soil surface for nitrogen 
fixation on the addition of molasses or cane sugar to soil exposed to air and light. 

We have shown that ammonium salts are also produced in the photo- 
chemical or induced oxidation of carbohydrates in the complete absence of 
bacteria. Hence in the soil containing compounds of iron, manganese, traces 
of titanium, copper, etc. which are excellent catalysts in oxidation reactions 
and exposed to sunlight and air, the oxidation of the carbohydrates added 
with molasses is certainly due to bacteria, light and chemical catalysts all 
acting simultaneously. For obtaining the hydrogen required for ammonia 
formation, the following reaction has to take place : — HjO«H+OH— 112 Cal. 
The direct combination of nitrogen and oxygen forming nitric oxide, according 
to the equation : N*+02»2N0+43-2 Cal., appears to require less energy than 
the process leading to the formation of ammonia. It appears that the iron 
compounds, traces of manganese and copper compounds, and sunlight, which 
falls on the soil surface, can facilitate the formation of nitric oxide firom oxygen 
and nitrogen of the wr. The nitric oxide can be readily oxidised to nitrous 
and nitric acids, which form nitrates in the soil. 

Bhar and Bjlukerji (1934) have shown that solutions of nitrates and 
carbohydrates in presence of sunlight and titanium oxide (TiOj) can readily 
form small amounts of amino acids, with copious production of ammonium 
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salts. It is interesting to note that ammonium salts and carbohydrates 
when exposed to the sunlight in presence of titanium oxide do not, however, 
form amino acids. It is well known that in plants the proteins, which are 
mostly the condensation products of amino acids, are only formed when 
carbohydrates have already accumulated by photosynthesis. The carbo- 
hydrates formed by ])hoiosynthe8i8 in plant-s react with nitrates absorbed 
by plants from the soil and this results in the production of amino acids, 
proteins and ammonium salts in the plants. As a matter of fact, Wa 3 niick 
and Woodhotise (1918- 19) have obtained evidence of amino acid formation 
in nitrogen fixation by Azoiobacte^r . It is believed that in the first few 
days of the growi-h of Azoiohacttr amino acids aeoumulate and later on 
proteins increase. Iti our experiments with pure cultures of Azoiobacter 
thriving in mannite we have been able to detect amino acids, by the 
valuable * nin hydrin ’ test in the filtered liquids obtained by crushing the 
Azotobacter cells with sand in a pestle and mortar. According to Jodidi 
(1910), Schreiner and Skinner (1912), and Lathorp (1917), several amino 
acids are of common occurrence in the soil. These amino acids may be obtained 
either by the hydrolysis of proteins added to the soil as manure or formed 
synthetically as explained above. It seems likely, therefore, in vitro as well 
as in the plant and in the soil, the nitrate is reduced t>o ammonia by the action 
of carbohydrates or other carbonaceous compounds with simultaneous forma- 
tion of amino acids in small quantities. Hence, it appears that nitrates are 
first produced in nitrogen fixation and the nitrates react with the energy- 
rich materials present in the soil with the formation of ammonium salts and 
small amounts of amino acids. 

No AnaKROBIO DBNITRmOATIOK OK THK AnUITION OF MoLASSKS TO PiBLDS. 

Our field experiments es well as those carried on in dishes show that 
there is absolutely no anaerobic denitrification even when large quantities 
of molassos are added to soil exposed to air and light. The available nitrogen 
(sum of aramoniacal and nitric nitrogen) and the total nitrogen contents of the 
soil are never less than the original amounts present in the soil before the addi- 
tion of molasses. As a matter of fact, even a few days after the addition of 
molassos to the soil, the ammoniacal nitrogen is appreciably increased and the 
available and total nitrogen contents also augment due to fixation of atmos- 
pheric nitrogen. When the amounts of molasses are large and the aeration 
of the soil inadequate, a part of the nitric nitrogen of the may be converted 
into ammoniacal nitrogen but it is never lost to the soil. The ammoniacal 
nitrogen in course of time is again oxitlised to nitrate. This is a very important 
observation, which differs from the experience of workers in temperate climates. 
It has already been emphasised that the fixation of atmospheric nitrogen 
depends on the velocity of the oxidation of the energy-rich materials added 
50 the soil, and due to the sunlight and the high temperature pi^valent in tropiori 
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soils, the oxidation of the carbohydrates and other energy-rich compounds 
is much greater than in colder countries and hence, in tropical countries, the 
soil condition from the view point of oxidation reactions are much more favour- 
able than in teinj>erate climates. Hence molaHses even in large amounts 
when added to tropical soils, which are well aerated, always adds nitrogen 
•to the soil and thus acts as an excellent fertiliser to crops and the question 
of anaerobic nitrogen loss from tropical soils does not arise. 

Moreover, our experiments on compost formation with molasses show 
that the total nitrogen in the composts is double the amount originally present 
in the soil. The soil organic matter and humus and carbon are also considerably 
increased on the addition of molasses. Hence the increased nitrogen is stored 
in the soil and is available to plants, the soil organic matter acts as a preserver 
of the nitrogen. In a recent publication (1936) we have shown that the percen- 
tages of available nitrogen in tropical soils are greater than in those of temperate 
climates. Hence the total nitrogen which is added to the soil, due to nitrogen 
fixation on the addition of molasses, can partially be (lonvertod into the available 
form for absorption by plants. Due to the increase of carbon in the soil on the 
addition of molasses, the increased amounts of nitrogen arising out of fixation 
are well preserved, as it has been proved in our experiments that molasses 
can preserve the nitrogen added to the soil as ammonium sulphate. Hence 
molasses, which adds both carbon and nitrogen to tropical soils, is a distinctly 
better fertiliser for tropical soils than ammonium sulphate. On the addition 
of molasses to fields in two consecutive years there is a definite residual effect. 
When large amounts of molasses are added, the residual effect may last for 
more than two years. Hence molasses has several advantages over artificial 
nitrogenous manures. 

Another interesting fact that has tern brought out by our researches is that 
no flies or insects are attracted and no bad smell is given off even wheri 500 to 
1,000 maunds of molasses are added per acre of land exposed to light and air. 
It is well-known that the soil surface is an excellent adsorbent. The organic 
substances and the products of their decomposition are readily a<isorbed 
by the soil and they undergo decomposition and oxidation readily into carbon 
dioxide and water and ammonia when the soil is properly aerated. Hence 
molasses is a very suitable fertiliser for tropical countries, as it easily adds both 
combined nitrogen and humus, which are the crying need of tropical soils. 

Under temperate conditions, it is well known that the addition of carbo- 
hydrate-rich materiaJ to soil tends to reduce the amount of nitrogen available 
to plants, the nitrogen becoming fixed as microbial protoplasm or as humus. 
In tropical oonditions, however, the available nitrogen is not reduced at all 
even when large doses of carbohydrates are added to tropical soils. 

We have applied molasses to more than 30 plots of land in different portions 
of the University qoihpound and other places and we have always observed 
a marked inerea^ in the ammonia and total nitrogen content of the soils on 
the appHoation of molasses. In most of our field experiments the amount 
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of ammonia after the addition of molasses and aeration increased three 
to four times the amount originally present in the soil. By the application 
of 3600 kilograms of molasses per acre of land, and digging and watering the 
soil once every 10 days for two months (May and June, 1935), 564 kilograms 
of rice {Ans) grains and 1076 kilograms of straw were obtained by us in the 
molassed land, while 340 kilograms of rice grains and 896 kilograms of straw 
were grown in the control land. 

Recent work of Sethi, Batham, and Nigam in the U.P. and of Mirohandani 
in Behar (private communication) shows that molasses not only adds nitrogen 
to the soil by fixation and improves the crop yield with wheat, rice and sugar- 
cane but improves alkali soils as well. These results are in entire confirmation 
of the observations of Dhar and his collaborators. 


Tabi.k 31, 

Nitrogen fixation in the oxidation of sodium saltM of organic acids » 


Sodium tartrate 

12'92i g, + 200 g. 

NHb N. 

Kitri(t-N. 

Analysed 

Total -N. 

on U-3-36 

Total-C. 

Heat of 
combustion 
of the acid 
per 1 gm. 

soil 

Sodium citrate 12*22 

0*00186 

0-00164 

0-0458 

2-268 


g, -f 200 g. ttoil . . 
Sodium stearate 10*8 

0-00186 

000164 

0-0458 

2-424 


g.-f 200 g. soil 
Sodium palmitato 

0*00186 

0-00164 

0-0468 

4-384 


10*7 g.-f 200g. soil 
Sodium oleate 10*86 

0-00186 

0-00164 

0-0458 

3-887 


g.4-200 g. HoiJ .. 

Sodium tartrate 

12-024 g.4 200 g. 

0*00186 

0*00164 0-0462 

Analysed on 16-7-36. 

4-03 


soil , , 

Sodium citrate 12-22 

0*0014 

0-00144 

0-0467 

1-872 

1-88 Oal. 

g.-f 200 g. soil . . 
Sodium stearate lO-H 

0*0014 

0-00144 

0-05 

1-91 

2-48 Cal. 

g.-f 200 g. soil .. 
Sodium palmitate 

0-00116 

0-00X94 

0-0683 

2-323 


10-7 g.-f300g. soil 
Sodium oleate 10-86 

O-OOlO 

0*00268 

0-064 

2*212 

9-21 Cal. 

g,-f 200 g. soil .. 

0-0014 

0-0026 

0*0534 

2-4622 

.... 


The foregoing results show that oellulosic substances like filter paper, 
dry leaf, etc. , when mixed with soil and exposed to sunlight or kept in the dark, 
cause nitrogen fixation. When mixed with small amounts of molasses the 
oellulosic substances undergo oxidation more readily and cause greater fixation 
of atmospheric nitrogen. The nitrogen fixation in sunlight is greater than 
in the diffused light or in the dark. Similar results have been obtained with 
cow-dung and wood fibre. These results are most important, b(Joause they 
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show that oellulosio materials, plant residues, leaves, cow-dung, etc. not only 
increase the humus content of ] the soil, and improve the soil tilth, moisture 
retention capacity, and act in the conservation of the soil nitrogen, but these 
substances also add nitrogen to the tropical soil by nitrogen fixation. Hence, 
cow-dung, which I is used as a manure, has been found to supply to the soil 
not only the nitrogen it contains but it can also add nitrogen to the soil from 
the nitrogen of the air by fixation. 

According to Mutterlein’s calculation (Mutterlein, 1913) one acre of soil in 
(temony receives yearly about 200 kgms. of cellulose in the form of manure. 
It appears that this large amount of cellulosio matter added to the soil may be 
partially utilised in nitrogen fixation in temperate climates. In tropical climates, 
however, due to the high temperature and great intensity of sunlight and the 
greater activity of the Azotobacter, the soluble carbohydrates, pentosans and 
cellulosic substances are oxidised at the soil surface at a great speed with the 
liberation of large amounts of energy necessary for nitrogen fixation. Hence 
manuring of tropical soils by the addition of molasses and oellulosio materials is a 
highly important practical proposition. We are of the opinion that Indian soils 
would have been exhausted from the nitrogen point of view long ago had not 
the compensating agency, e.g. the fixation of atmospheric nitrogen by the 
addition of carbohydrates, pentosans and cellulosic materials to the soil, been 
counteracting the nitrogen loss. Moreover, the researches of Dhar and Atma 
Ram (1933) show that the tropical soil receives more available nitrogen from 
rain water than in temperate climates. 

The results recorded iti Table 31 show that nitrogen fixation also takes 
place when sodium salts of organic acids are allowed to oxidise in air on the soil 
surface. Our experimental results show that the greater the amoimt of energy 
liberated in the oxidation of the sodium salts of organic acids, the greater is 
the amount of nitrogen fixed. Thus with sodium stearat-e, palmitato, and 
oleate there is more nitrogen fixation than with the sodium salts of lower acids. 

Russell {‘ Soil CJonditions and Plant Growth 1932, page 362) lias reported 
that the nitrogen content of a grass land increased from 0*152% in 1856 to 
0*338% in 1912. Similarly a land permanently covered with vegetation 
for 24 years showed an increase from 0*108% to 0*145%. It appears that this 
increase in the total nitrogen content of these soils is chiefly due to the fixation 
of nitrogen from the air caused by the liberation of energy from the oxidation 
of cellulosio and other carbonaceous substances on the surface of the soil. 


InFUTUNOB of LiOHT on NlTUmOATION and AMMONmOATIGN. 

In publications from these Laboratories (Compare Dhar ' Influence of 
light on some Biochemical Processes ’.--Society of Biological Obemists, 
Bangalore, India, 1935) we have tried to establish that light plays an important 
r6le in the processes of ammoniflcation, mtiifioarion, denit^ and nitrogen 
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fixation under aerobic conditions in the soil. Prom onr experimental results 
we are convinced that all these soil procjesses can take place in the complete 
absence of micro-organisms provided light is available. It is gratifying to 
note that soil bacteriologists like l>r. Corbet, working at Jealott’s Hill Experi- 
mental Station, England, Dr. Allen of the Hawaii University, and Messrs. 
Sorkaria and Pazaluddin of the Agricultural College, Lyallpur, Punjab, and 
others are in general agreement with our conclusions, although some investi- 
gators were unable to confirm our observations. The main dif&oulty of this 
type of work is that in all these processes, ultraviolet light being more effective 
than visible radiations, glass vessels are not much good as they cut off most 
of the ultraviolet radiations. Wlien proper precaution is taken regarding 
the technique, our results ought to be easily reproducible. 

Recently Wad and Aurangabadkar (1036) have obtained greater amounts 
of nitrate formation in sunlight than in the shade using sterile and ordinary 
soils in the nitrification of ammonium sulphate and composts, but these authors 
attribute without proper evidence the greater nitrification in sunlight to higher 
temperature rather than to sunlight. In this connection, the following state- 
ments of Corbet (1936 ; 1934) are of considerable interest : — ‘ The, photochemical 
oocidation of ammonia to nitrous acid. The recent investigations of Dhar and 
his oo-workers show clearly that nitrite formation can be effected in the absence 
of micro-organisms. In the present research, experiments were carried out 
to determine the extent of the photochemical oxidation of ammonium sulphate 
and the results obtained by the Indian investigators were confirmed. 

‘ The criticisms advanced by Praps and Stergos against the work of Dhar 
and Gopola Roo are without substance, since in their experiments, soil was 
exposed to the sun in pyrex beakers covered with glass. The writer has 
confirmed that no ultraviolet radiations of wavelength capable of oxidising 
ammonium salts to nitrite can penetrate these materials.* 

Moreover, 0. N. Allen (1934) has made the following observations ; — 'Photo- 
clmnical nitrijicatiQn : — The work of Rao and Dhar has done much to explain 
nitrification in tropical areas upon a purely chemical basis. Their results 
seem to warrant that to a certain extent nitrifioation is photoohemioal in nature, 
the process taking place at the sur&oe of various tropical soils in the presence 
of certain photosensitiaers under the infiuenoe of sunlight.* 
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Table 82. 


NitHfiooHon of Ammonium aaUs expoaod to aunUghtfor 660 houra. 


Condition 

Kature 
of soil 

Amount 
of Balt 
unoxidised 

Amount 
of salt 
oxidised 

Percentage 

oxidised 

SuixUght 

unsterilised 

NH 4 CI. 

1*98 gm. 

2*6 gm. 

68 

Bark 


4*2 

0*7 

14 

Sunlight 

storiliBod 

2-3 

2*3 

60 

Bark 

fit 

4*4 

0*6 

10*2 

Sunlight 

1 

unBterilised 

( )2£CP04 

1*86 gm. 

2*8 

60-2 

Bark 

ff 

4*4 

0*65 

IM 

Sunlight 

Bterilised 

2*16 

2*76 

66 

Bark 

ff 

4*6 

0*30 

6 

Sunlight 

unBtoriliBod 

(NH 4)2804 

3-36 gm. 

1*16 

23 

Dark 


4*76 

0*16 

3 

Siinlight 

BteriiiBed 

4*2 

0*8 

16 

Bark 


4*85 I 

i ^ 1 

01 

2 


Influence of light on Ammoniflcation, 

In a recent communication Dhar and Atma Ram (1933) have shown that 
aqueous solutions of amino acids like glycine are very readily oxidised into 
ammonia, formaldehyde and carbon dioxide when exposed to air and light. Ex, 
periments carried on in vUro by Dhar and Mukerji and Gopala Rao and Dhar 
show that the amounts of ammonia obtained on exposing solutions of amino 
acids like glutamic acid, aspartic acid, etc. to light increase on passing air 
through solutions of these amino acids. These are oases of oxidative deamina- 
tion. The formation of ammonia from these amino acids is greatly increased 
by the presence of the solid surfaces like TiOj, ZnO, Si02, etc,, the best results 
are obtained with TiOj. The following Table shows the amounts oxidized with 
different nitrogenous substances after 20 hours* exposure to sunlight. In the 
dark, there is no oxidation. 

XABXiB 33. 



No surface 

Witli 6 gms. TiOa 


Ail* not passed 

Air passed 

Air not passed 

Air passed 


(peroenta^ 

oxidiaed) 


^^Sdised?^ 

oSSsedf^ 

AspaFtio acid 

0*062 

0*064 

4*43 

6*82 

Glutamio acid 

0*069 

0*063 

0*36 

0-44 

Kgg^yeliow 

016 

0*194 

6*7 

9*7 

Egg-white 

Blood aermn 

0*146 
' 0*844 

0*222 

0*996 

17*6 

10*8 

40* 

12*8 

CelaUxui 

0*762 

0*822 

39*9 

45*1 
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Table 34. 


Th© following results sliow that proteins are more easily oxidised than the amino 
acids : — 



Percentage oxidation after 
20 hours* exposure 
with TiOj 

Amount of total nitrogen 
in grams a» NHg per 
litre 

Oiutsinic acid . . . . 

0-34 

0*570 

Aspartic Hcl<i . . . . 

4*45 

0*640 


309 

2-377 

Blood aenim 

10*8 

4*715 

Kgg-wldto 

17‘6 

3*180 

BIgg-yollow . . . . j 

5*7 

3*505 


These experimental results show that on exposing ammonium salts to 
light mixed with soil the greater part of the ammonium compound is oxidised 
to nitrite and nitrate after 550 hours’ exposure with ammonium phosphate 
amd chloride. The sulphate is much less oxidised, The oxidation in vessels 
coated with black Japan enamel (dark) is much smaller than those receiving 
light. If nitrification is mainly a bacterial process as is generally believed, 
the amount of nitrification in the vessels in the dark with unsteiiUsed soil 
should not have been materially different from those exposed to light. More* 
over, the nitrification in the vessels kept in the dark and containing unsterile 
soil is not widely different from those with the sterile soil. It seems likely 
that due to the high temperature also prevailing in the dark vessels, the bacteria 
considerably decrease in numbers. As the light and dark experiments are 
exactly comparable, any bacterial contamination due to the introduction of 
air containing dust particles would affect the nitrification in all sets equally, 
because the experiments are conducted at the same place. The residts of 
our experiments, however, show that nitrification is oxdy prominent in vessels 
receiving sunlight and this is not likely to be a matter of chance only. Exactly 
similar behaviour is observed in our experiments on ammonification. 

In a recent quantitative study we have been able to show that dilute 
Bolutions of sodium or potassium nitrite are almost completely oxidised to 
nitrate when exposed to light along with photooatalysts like TiO* , ZnO, Fe^Oj 
and sterilised soil in the absence of bacteria. In the following table the 
results obtained with ZnO as the photooatalyst are summariEed * 



NiTEOaBIN TRANSTOHMAllOKS Ilf THBJ SOlt, 


107 


Tablk 35. 


Photo ^oxidcUion of nitrite to nitrate. 


Amoimt of nitrite -nitrogen und tot^l N in gm./lOO c.c. after an exposure of — 


Original amount 
to start with 

20 hours 

40 hours 

1 

60 hours 

80 hours 

NOg-N 

Total N 

NO 2 -N 

Total N 

NO 2 -N 

Total N 

1 

NOg-N 

Total N 

NOrN 

Total N 

0-0686 

00886 

0*0648 

0-0684 

0*06034 

0*0684 

0-050 

0*0684 

0-0432 

0-0684 

0*0343 

00343 

0*0280 

0-03452 

00234 

0*03398 

0-01522 

0-03396 

0-00701 

0-0341 

0*0171 

0*01 7 i 

0*00034 

0*01646 

0083326 

0*01599 

0*00006 

0*01598 

nil 

00162 

0*00865 

, 0*00855 

i 

0*00108 

0*00848 

nil 

0*00848 

nil 

0-00848 

nil 

0 00848 


The foregoing results show that in the more concentrated solutions the 
amount of oxidation is less, but in the dilute solutions even after 40 hours’ 
exposure the oxidation of the sodium nitrite to sodium nitrate is complete. 
It is clear, therefore, that aqueous solutions of a nitrite when exposed to li^t 
and air undergo the following reversible change : — 

2NaN0g+02;?i2NaN0a 

Thus from the experimental work carried on in these laboratories we find 
that not only are ammonium salts oxidised to nitrite by air in the presence 
of light, but the nitrites are also in their turn readily converted into nitrate 
when exposed to light and air along with the photocatalyst. It seems, therefore, 
that the whole processes of nitrification and nitrogen-fixation may be photo- 
chemical. 

The increase in the fertility of soil as a result of exposure to sunlight as 
practised in India, Egypt and other countries from time immemorial can be 
easily explained from our photochemical theory. 


Influence of temperature on bacterial nitrifimtion. 

The bacterial theory of nitrification and of other soil processes have been 
holding the field to a large extent. However, there are certain facts known 
to UB which do not find a solution on the bacterial theory. Our attention 
was, therefore, directed to find out the cause of these divergencies and 
various experiments are being conducted in these laboratories. 

We made a study of the effects of temperature on nitrit© formers and 
Azok^HUsier in pure cultures. Bacterial decomposition of urea was also 
studied by us. We further investigated the oxidation of nitrites to nitrates 
In sunlight in prescmoe of photooatalysts like ZnO, TiO*, Fe^Oi, soil, etc. 
We sbUl bnefly summarise our lestd the conclusions arrived at. 
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Infiwnce of temperature on ba<^erial nitric4xtion. 

For tho study of nitrite forniers, a pure culture of nitrite forming bacteria 
> was prepared from the garden soil by Omeliansky^s method of elective culture, 
the medium employed being : — 

Ammonium Sulphate . . . . • 2 to 2*5 gm. 

Potassium Phosphate . . . . . . 3 

Magnesium Sulphate . . . . ^1*5 „ 

Sodium Chloride . . • . • • 2 „ 

Ferrous Sulphate . . •• 0*4 „ 

DistiQed Water . • * . • • IdOO c.c. 

Magnesium Carbonate . . . . . . - ■ Excess 

{0*5 gm. per 50 c.c. of tho medium) 


Equal portions of the medium containing a known amount of the culture 
were taken in conical Jena-glass flasks and were kept at various tom|X)ratur6s. 
The amount of nitrite formed was estimated by a Dubosoq colorimeter from 
time to time using a mixture of 0*8 per cent solution of sulphanilic acid in 
acetic acid of specific gravity 1*04 and 0*5 per cent solution of naphthylamine 
in acetic acid of the same specific gravity as the indicator. The results are 
recorded below : — 


Tabt.13 86. 

AraoTint of nitrit/e forraod at various teraperatnres (Gm. of NO2 por litre). 


Timo ; 



Nitrite formed at temperatures of 



0^ 

13^^ 


26‘' 

30'^ 

.15” 

40** 

Hours. 

67 

1 

0*000253 

0-0001525 ; 

oooaso j 

■j 

0'()0r.006 

0-00792 

0-008848 

0-00064 

M5 

0-000281 

0*0002884 

0*00176 

0*008606 

0*02304 

0-0438 

0-000689 

163 

0d)()0281 

0*0004046 

0*002779 

0*01777 

0(M»7 

0-09385 

0-000844 

187 

U* 000281 

0-0006595 

0-002958 

0-02666 

0-0673 

0-1438 

0-000950 

211 

0*000281 

0-001318 

0*00376 

0-0386 

0-08503 

0-1987 

0-001076 

235 

0-000281 

0*002163 

0-004468 

0*03797 

0-1026 

0-2716 

0-00141 

259 

0*000281 

.... 

0*00669 

008585 

0-12595 

0-3586 

0*001781 


At 50® the amounts of nitrite formed in the flasks containing the bacteria 
wore the same as in the control flasks oontainiog no bacteria. 

The results recorded in Table 36 clearly show that the optimum temperature 
of nitrifloation with the tropical nitrite forming bacteria is about 35®. The 
optimum temperature in colder countries is near about 25®. On account 
of the high temperatures existing for the greater part of the year in the tropics 
the bacteria in soils of tropical coimtries have so adapted themselves a^ 
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thrive best at 35®. It is interesting to note that Panganiban (1925) working 
in the Philippines has also observed an optimum temperature of 36° with his 
nitrite-forming bacteria. 

Table 36 shows that at 0° the bacteria are capable of maintaining the life 
activity for some days but a prolonged exposure to this temperature ultimately 
results in the complete stoppage of their life activity. Such a culture when 
brought back again to optimum conditions fails to show any further sign of 
growth oven after being kept for 9 months. At 50° also we find that the 
bacteria are incapable of existence. 

The study of the baoteriol ammonificatiou of urea at different temperatures 
gave the following results : — 


Influence of temperature on the ammonification of urea. 

Tabub 37, 

Amounts in 5 c.c, of the urea solution whioh was equivalent to O' 0444 gm. N. 


Tempemturo 

3 r . i 

j 1 

36“ 

1 

40® 

60“ 

66® 

Time 

in 

hours 

NHg-N 
in giuft. 1 

i 

0/ 

/O 

am- 

inonili- 

cation 

NHs-N 
in gms. 

% 

i am- 
mollifi- 
cation 

NHft-N 
in gm8. 

0/ 

/o 

am- 

monifi- 

imtion 

1 NHa-N 
in gmn. 

% 

arn- 

monifi- 

cation 

NHa-N 
in gma. 

% 

am- 

monifl- 

oaiion 

36 

! 

0-00196 

4-39 

! 0 007613 

17-14 

0-01628 

36.66 

0-00005 

0*10 

0-00004 

0-09 

60 

001473 

33*18 

00225 

60*7 

0 02433 

54-8 

0-00006 

0-11 

0-00004 

0-00 

84 : 

0-02347 

52-9 

0-0322 

72-56 

003248 

73-1 

0-000007 

0-12 

^ ^ ^ 

• • * . 

108 

0-02442 i 

66*0 i 

0-03466 

78*1 

003496 

78-7 


< . i « 

» * • « 

.... 

132 

1 

! 


0-0374 

84-3 

0-0379 

86-4 


.... 


.... 


The above results show that the optimum temperature for bacterial 
ammonification in the tropics is near about 40°. The maximum temperature 
for the survival of the bacteria seems to be between 50° and 65°. 

Thus we see that the optimum temperature for ammonification is higher 
than the optimum for nitrification. This shows that ammonifying bacteria 
have a greater resisting capacity with respect to temperature than is the case 
with the nitrite-forming bacteria. A similar relationship has also been noticed 
by workers in colder countries though there the optima for nitrification and 
ammonifioation are much below those existing in the tropics. 

Influence of temperature on nitrogen-fixation by Azotobacter. 

The following procedure was adopted for the study of nitrogen-fixation 
by Azotobacter kept at various temperatures. 

A three-days-old culture of Azotohacter cells was prepared and 0*2 c.c. of 
this was added to each fiask containing forty cubic centimeter portions 
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of the sterile maimite medium plugged with absorbent cotton. The flasks 
were kept at various temperatures along with the control ones and the nitrogen 
fixed in the form of NHg was estimated from time to time by Nessler’s reagent 
in a Dubosoq colorimeter. The results are recorded below : — 


Tablk as. 

Oram of ammooiaoal N per litre. 


Hours 

At tomj>orttturoH of 










10" 

20“ 

30“ 

36^ 

40’ 

.50" 

60" 

7^0 

06 

nil 

0*00086 

0*00106 

0*0024.3 

0*00096 

0*000782 

nil 

nil 

168 


0*002160 

0*00677 

0*0161 

0*002749 

0*001674 



216 

»» 

0*00560 

0*0116 

0*0254 

0*0064 

0*00367 

,, 


264 


0*00862 

0*012 

0*0206 

0*00924 

0*00536 

f*- 

,, 

312 


0*01041 

0*015 ! 

0*0364 

0*01064 

0*00654 



360 


0*01352 

0*0167 

0*0423 

00] 375 

0*00895 

t* 


408 


0*0162 

0*0207 

0*0604 

0*0163 

0*0094 


» j 


The foregoing results show that the maximum amount of nitrogen-fixation 
by Azotobdcter which we isolated from our garden soil is at about 36® whilst 
at 10®, 60®, and 70® there is no nitrogen-fixation. The cultures at 10® and 60® 
were plated on solid agar medium and it was found that a few colonies developed 
on the plates containing the culture at 10®, while on the plates containing the 
culture kept at 60° practically no colony appeared. This shows that although 
a few Azotobacter cells may remain alive at 10® their activity is practically 
nil, which is evident from the fact that no ammonia formation could be detected 
in the experimental flasks kept at the said temperature. 

Investigations carried on in different temperate countries show that 
the optimum ttjmperature is appreciably lower for Atotobacter in colder 
countries than 36®. 

In the summers of 1933 and 1936 we recorded the soil temperatures at 
Allahabad ; in the month of April it rose to 50° at 2 inches depth. May and J une 
of 1933 were frequently cloudy and the summer was a mild one. 

IjCKither, working at Pusa, India, stated that the maximum temperature at 
Pusa may rise to 70° at the soil surface and 60° at a depth of 1 or 2 inches. In 
Egypt the roc^orded temperature is 66° at the surface and 56° at a depth of 
2 inches. Prom our measurements on the influence of temperature on bacterial 
nitrogen transformations we find that 36° is generally the optimum temperature 
for these processes in the tropica. Beyond 60° the bacterial effect becomes 
negligible. Hence, in the tropics, nitrification and nitrogen-fixation in soil con 
I not be to any large extent of bacterial origin in the months of April, May# 
June and July in the daytime when the soil temperature is much greater 
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than the optimum for these bacteria. In these very months the nitrate in 
the soil is, however, the greatest. Even in colder countries like England and 
Germany, the soil temperature may rise to 35® or more in summer, although 
the optimum temperature for bacterial nitrification there is stated to be 25®. 

In these countries also the bacterial nitrification must be greatly reduced 
in the summer months as a result of the soil temperature becoming greater 
than the optimum temperature for bacterial nitrification, though the nitrate 
content of the soil in these countries is also largest in the summer time. 

It is generally agreed that nitrification is most active at the surface of the 
soil. According to Prescott and Piper nearly 80% of the nitrate accumulation 
takes place in the first 3 J UKjhes of the soil from the surface. The observations 
recorded previously show that the soil temperature in the summer months 
in tropical countries nust not be much, below 50® even at the depth of 3^^ inches 
from the surface, although the bacterial nitrification has the optimum tempera- 
ture of 35®, It appears, therefore, that in the first 3^ inches of the soil, where 
there is maximum nitrification as observed by different investigators, very 
few bacteria can exist in tropical countries in summer months, although the 
amount of nitrate in the soil is maximum iu summer. We are led to conclude, 
therefore, that agencies other than bacterial must be active in causing nitri- 
fication which is going on at a maximum speed in the soil in summer months 
within 3| inches of the soil. As we have observed that light markedly acce- 
lerates the oxidation of amino acids to ammonia, of ammonium sfilts to nitrites, 
of nitrites to nitrates and the fixation of atmosplieric nitrogen, and that all these 
oxidations are accelerated by increase of temperature, wo are led to believe 
that light absorption and increase of temperature play a more important 
r61e than bacteria in nitrogen changes in soil in the summer months. 

In publications from these laboratories it has been shown that the oxidation 
of ammonium salts mixed with sterilised or unsterilised soil in covered vessels 
coated with Japan black enamel, when kept in the sun along with the vessels 
receiving light, is much smaller than in those exposed to light. If nitrification 
were mainly a bacterial process the amount of nitrification in the vessels in the 
dark with the unsterOised soil should not have been materially different from 
those exposed to light. We have made numerous comparative experiments 
like those on the oxidation of ammonium salts to nitrite and of nitrite to nitrate 
with both sterilised and unsterilised soil kept in light and in the dark and we 
find that the formation of nitrite and nitrate is always much greater in the 
vessels exposed to light than in those kept in the dark. 

From all the points discussed in the preceding sections it seems that 
nitrogen transformations in soil are due more to light than to bacteria specially 
in trofoeal countries, 

AvAXLABLn Nitbogbk m Tbopioal Soel$. 

Begarding the amounts of available nitrogen <sum of ammoniaoal and 
nitric nitrogen) prew English soils, Bussell (1932) has stated as follows 
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‘ In normal conditions, the nitrate and ammonia together rarely account 
for more than one per cent of the nitrogen in the soil/ 

* Usually the total amount of nitrogen is so large in comparison with the 
amount of nitrate that the changes in amount fall within the limits of experi- 
mental error/ 

‘ Neither ammonia nor nitrate normally occurs in the soil in any great 
quantity ; an usual range on land carrying vegetation is from 5 to 25 parts 
of nitric nitrogen and about 5 to 10 parts of ammonia per million of soil, corres- 
ponding to about one to three per cent of the total nitrogen/ 

The amount of available nitrogen in Russian soils varies from 0*36 to 4*6%. 

It has already been emphasised that the oxidation processes taking 
place in the soil are facilitated to a greater extent in tropical countries dtie to 
sunlight and higher soil temperatures than in temperate climates. It is expected , 
therefore, that the percentage of available nitrogen in the tropical soil is 
greater than in cold countries. 

In order to test this point, we have determined the total, ammoniacal 
and nitric nitrogen of samples of soils collected from different parts of India. 
Our results can be summarised as follows : — 

ASSAM (Nyagogra tea estate). Four samples of soil analysed ; the 
available nitrogen varies from 25-1 to 40*4% of the total nitrogen, of whjoh the 
variation is from 0-092 to 0*139% of the soil. 

BENGAL (Dacca and Nadia). Six samples analysed ; the available 
nitrogen varies from 14*3 to 29*7% of the total nitrogen, of which the variation 
is from 0*057 to 0*227% of the soil. 

BIHAR (Pusa). Five samples collected in July, 1932 and analysed in April, 
1935 ; the available nitrogen varies from 28*1 to 47*7% of the total nitrogen, 
of which the variation is from 0*0238 to 0*0313% of the soil. 

UNITED PROVINCES (Allahabad), (a) Thirteen samples of ordinary 
garden soil analysed ; the available nitrogen varies from 10 to 31*6% of the 
total nitrogen, of which the variation is from 0*0347 to 0*0582% of the soil. 

(6) Five samples of molassed soil of which the C : N ratio is constant, 
analysed ; the available nitrogen varies from 11*7 to 28% of the total nitrogen, 
of which the variation is from 0 0437 to 0*09% of the soil. 

THE PUNJAB (Ranjitkot, Hiyatpur and Chhanwali). Three samples 
analysed ; the available nitrogen varies from 13*4 to 15*2% of the total nitrogen, 
of which the variation is from 0*04 to 0*0582% of the soil. 

MADRAS (Waltair). Two samples analysed ; the avaUable nitrogen 
varies from 15 to 24*9% of the total nitrogen, of which the variation is 0*0309 
to 0*0625% of the soil. 

The foregoing results show that the amounts of available nitrogen varies 
from 10 to 47*7% of the total nitrogen in the soils collected from different 
parts of India. The percentage of available nitrogen of a soil from Bangalore, 
which is a cool place, is .8*5, Hence the portion of available nitrogen in oom- 
parispn with the total nitrogen in tropical soila is much greater than that 
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present in soils of temperate climates* It appears, therefore, that the solar 
radiations, which fall on the tropical soil, help in the oxidation of the nitro* 
genouB substances present in the soU, which is rendered suitable for plant 
growth, although the total nitrogen in tropical soils is generally less than in 
those of temperate countries. 


Significance of oarbon-mtrogen raiio in soil. 

It is well known that in soil which is well-aerated, the chemical changes 
affecting the carbon and the nitrogen present in the soil are intimately 
^connected. It is generally believed that the combined nitrogen existing in 
the soil can form nitrate only if the ratio of carbon to nitrogen is not greater 
than 10 to 11; when the proportion of carbon is greater, the excess is 
oxidised to carbon dioxide and the nitrogen remains as complex protein. 
When, on the other hand, the proportion of nitrogen is greater than the above 
ratio, the nitrogenous compound is changed into ammonia and nitrate. 

From our researches on the nitrogen transformations in the soil, we are 
of the opinion that when the carbon content of the soil is increased by the 
addition of energy-rich substances like carbohydrates, cellulose, etc, the energy- 
rich siibstanoes are readily oxidised on the soil surface causing nitrogen 
fixation. This important factor tends to increase the nitrogen content of 
the soil. The oxidation of carbohydrates, cellulosic materials, etc. on the 
soil surface may take place tlirough the agencies of bacteria, sunlight, 
inductors, and catalysts. Whatever may bo the agency which is effective,^ 
these processes cause liberation of energy which is utilised in the nitrogen- 
fixation. Under ordinary soil conditions, all these agencies are responsible 
for the oxidation of carbohydrates and cellulosic materials, and in this process 
the soil is enriched from the nitrogen point of view. In presence of large 
amounts of carbohydrates and cellulosic materials, the proteins, amino acids 
and ammonium salts present in soil are protected from oxidation and these are 
conserved in the soil. When the carbonaceous substances are oxidised to a 
great extent, ammonification, nitrification, etc,, which are also mainly oxidation 
processes accelerated by sunlight, high temperature, surface of catalysts^ 
inductors, bacteria, etc,, become prominent in the soil. In these processes 
appreciable amounts of loss of nitrogen in the gaseous state takes place. 

The retarding infiuence of different carbohydrates and carbonaceous 
compotmds in the processes of ammonification and nitrification is observed 
with different bacteria, fungi, etc. of different energy and food requirements, 
and is not regulated by th^ demands, but forms a part of an universal pheno- 
menon taking place in the animal, plant, and in soil processes aa well as in 
vitro, in which it is always observed that a readily oxidkable oigamo substance 
can act as a native catalyst in the oxidation of another substance. We cure 
of opinion, tiierefore; that the carbon-nitrogen ratio in soOs is not controlled 
by the requirements of tim micix>-<Mganiaixis, as advo^ by Doryland 
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(1916) but is regulated by the ease with which proteins, amino acids, ammonium 
salts, etc. are oxidised by air, aided by bacteria, catalysts and light in presence 
of carbonacieous substances under different conditions and the oxidations 
taking place in the soil seem to be guided by the same laws, which rule animal 
metabolism. 

Influence of temperature on the carhon’niirogen ratio in aoih. 

A garden soil was heated in a steam oven at 80'^“-85'^ for nearly 18 
months and the carbon -nitrogen ratio was determined from time to time. 
The following results show that the carbon -nitrogen ratio appreciably increases 


as the heating is continued : — 

TABI.TC 39. 



Dttio of analysm 

Cnrboji 

Nitrogon 

C/N 

232-35 

0563 

0056 

10*05 

23-3-35 

0-57 

0*0544 

10*45 

23-4-35 

05608 

0*0509 

11*01 

23-7-35 

(>'5646 

0*0455 K8 

12*48 

4-5-36 

0*5581 

0*04227 

13*2 


The foregoing results support our contention that the greater the tem- 
perature of the soil, the higher is the carbon-nitrogen ratio. 

Our exptirimental results show that the carbon-nitrogen ratio is liighest 
in the soils ft’om the Punjab and the value is 14*4 ; in the United Provinces 
it is 11*3, in Bihar it is 9*2 and in Bengal the ratio is 9*1. The carbon-nitrogen 
ratio in soils collected from different countries seem to support the above 
view-point. The average ratio of 60 English soils is 10, In Wales it is 9*2. 
In the Washington State after long cultivation the value is 10*2. In the Sudan 
it is 12*6 and in Transvaal it is 14*4. 

Nitrogen loss from soil m Sitnught anb its Retabbatiok. 

The researches of Lipman and Biair, Soil Scl.^ 12, 1 (1921), Russell and 
Richards, J. Agrie, Sci., 8, 496 (1917), Shutt, S, 336 (1910) and others 
show that nitrogen in the gaseous stage is lost from soils when the conditions 
are favourable for oxidation. The loss of nitrogen in this process may be more 
than double the amount of nitrogen taken up by the plant grown on the soil. 
Nearly 70% of the added nitrogen is said to have been lost when wheat plots 
in Rothamsted, England, have received 14 tons of farmyard manure contain- 
ing 200 lbs. nitrogen per acre, 

A gieater loss of nitrogen is observed when a manure is composted under 
aerobic than anaerobic conditions. According to Nikleweki, Bocz, Nuuk. 
Eoln., 9, 1 (1923), there is more loss of nitrogen from stable manure in presence 
of nitrifying bacteria than in their absence. It has also been reported that 
in the nitriboation of different oU-cakes, the loss of nitrogen is the greatest 
w^th the most easily and quickly nitrifiable cakes. Recently Viswanath, 
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Sci, Reports Dept. Agric. Madras (1930-31) has obtained greater nitrogen loss 
and greater velocity of oxidation in the nitrification of ammonium salts than 
with farmyard or green manure. It is established that when there is a large 
amount of carbonaceous matter present in the manures along with nitrogenous 
compounds, the velocity of the oxidation of nitrogenous compounds and the 
amount of nitrogen loss are also decreased. 

Experiments carried on at different places show that the total amount 
of nitrate present in soils containing crops is less than that in neighbouring 
fallow soils even when a correction is applied for the amount of nitrate taken 
up by the crop. The oxidation processes are more vigorous in soils with crops 
than in those without them. Russell (Soil C\»nditiona and Plant Growth, pp* 
368-369 ; 1932) has stated this problem of the loss of nitrogen in the following 
words : — 'There is considerable difficulty in accounting for the nitrogen lost 
from the soil during the first 20 or 30 years of cultivation. Tt has, therefore, 
been supposed that nitrogen is evolved during the oxidation, and as all attempts 
to break off nitrogen from nitrate in these conditions have failed, it is assumed 
to come from the organic matter. This assumption involved the difficulty 
that no loss of nitrogcm has been observed in the straightforward bacterial 
oxidation of organic substances such as albumin, asparagin or mixtures such 
as urine or feoces.’ ' Yet somehow and somewhere gaseous nitrogen must bo 
evolved to balance the considerable amount of fixation that is known to take 
place. 

The results obtained by Dhar, Tandon, and Mukerji, J. Indian Chem. Soc.^ 
12 1 67 (1935) show that the loss of nitrogen on exposing ammonium salt 
solutions to light and air is always greater in light than in the dark. The 
oxidation of ammonium salts by air is greater in light than in the dark and 
hence the possibility of the formation of ammonium nitrite is greater in light 
than in the dark. Several years ago Dhar, Proc. K. Ahad. Wei. Amsterdam, 
23, 308 (1920) observed that solutions of ammonium nitrite decompose into 
nitrogen and water when exposed to sunlight and this photochemical decom- 
position is facilitated by acids and different solid surfaces. Moreover, the 
recent observations of Dhar, Tandon, and Mukerji (/oc. cit.) show that solutions 
of ammonium chloride and sodium nitrite decompose readily with evolution 
of nitrogen when exposed to sunlight in glass beakers or quartz tubes mixed 
with sterilised or unsterilised soil. This decomposition can take place under 
completely sterilised conditions in the complete absence of bacteria. More- 
over, this decomposition is less pronounced in dilute solutions of ammonium 
nitrite and also when cane sugar is added to the solution containing ammonium 
and nitrite ions. 

All these observations have been explained from the viewpoint that in 
the processes of ammonifioation and nitrification taking place in the soil or 
in sdutions, ammonium nitrite is produced. Solutions of ammonium nitrite 
have been found to decompose into nitrogen and water readily by increase 
of temperature or exposing them to light. The formation of ammonium 
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nitrite from ammonium salts or proteins requires oxygen and that is why 
this type of denitrification is facilitated by increased soil aeration, and also soil 
acidity, as nitrous acid also undergoes decomposition according to the equation t 

3 HN0245HN0,+2 NO+H^jO. 

This chemical change is also markedly accelerated by light. 

There is also the possibility of the reaction of nitrous acid on amines, 
amides and amino acids, which may sometimes be formed in the decomposi- 
tion of soil organic substances. This important phenomenon first studied 
systematically by Lipman and Blair and emphasised by Russell has now 
been satisfactorily explained by Dhar and collaborators, Nature^ 1H4^ 572 
(1034). 

Addition of carbonaceous substances like molasses tends to preserve the 
nitrogenous compounds present in the soil by decreasing the probability 
of the formation and decomposition of ammonium nitrite. 


Tabi.k 40. 

DecomposUhn of afrwionium nitrite eoluHonit at 20® and 30®. 

NHs-N added m U g.=«10 co. NOa-N added os Ba(NOa)a-«0148 gr. 

^10 oc. Total -N added ««0‘ 29 gr. 

Light (1000 watt tungsten filament lamp). 


ExpoHui'e at 

NHg-N. 

NOft-N. 

Total-N. NHa-N. 

NO 2 -N. Total-N. 

% 


loft. 

left. 

left. 

lost. 

lost, 

lost. 

lost. 

30® for 5 hours 

. . 0 l843g. 0 1422g. 0-2786 g. O 0057 g. 0 0068 g. 0 0114 g 

, 3*9 

30® for 10 hours 

.. 0-1272 

0-135 

0*2642 

0*0128 

0-013 

0-0258 

8*2 

30® for 20 hours 

.. 0-112 

0-12 

0*234 

0-028 

0-028 

0-050 

19*6 

20® for 5 hours 

. . 0-14 

0-148 

0-29 

nil 

niZ 

nil 

nil 

20® for 10 hours 

.. 0-1312 

0-14 

0-271 

0-0088 

0*0098 

0-019 

6-6 

20® for 20 hours 

0-123 

0-132 

0-257 

0-017 

0*016 

0-033 

11*3 

20“ for 40 hours 

0-1152 

0-1248 

0-2402 

0*0248 

0-0232 

0*0498 

17 





Dork. 




30® for 6 liours 

,, 0-14 

0-148 

0-29 

nil 

nil 

nil 

nil 

30® for 10 hours 

, . 0-1372 

0*1452 

0-2866 

0*0028 

0*0027 

0*0046 

0*1 

30* for 20 Viours 

. . 0*1327 

0*14 

0-2764 

0-0073 

0*008 

0*0146 

5 

20® for 6 hours 

. , 014 

0-148 

0*29 

nU 

nil 

nil 

nil 

20° for 10 hours 

.. 0-14 

0-148 

0*29 

nU 

nil 

nil 

nil 

20° for 20 hours 

*. 0-14 

0-148 

0-20 

nil 

nil 

nil 

nU 

20° for 40 hours 

. . 0-1318 

0-14 

0*2729 

0*0082 

0*008 

0*0171 

6*T 


Loss of nitrogen in 


Peroentage'loss in. 

. 

Bat-k-f Light, Dark only. Light only. 

Dark. 

Light.. 

fi hrs. at 30° 

i0-0U4g. 

nil 


0-0114 g. 


nil 

8 9 

10 hrs. at 30° 

0*0258 

0*0046 

0-0213 


0*1 

8*1 

20 hrs. at 30° 

0-056 

0*0146 

0-0414 


5*0 

14*6 

5 hrs. at 20° 

nil 

nil 


mt 


nil 

nil 

10 hrs, at 20° 

0*019 

nil 


0*019 


nit 

6*5 

20 hrs. at 20° 

0*033 

nil 


0-083 


nil 

11*8 

40 hrs . at 20° 

0*0498 

0-0171 

0*0327 


5*7 

11-5 
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The foregoing results show that solutioxis of ammonium nitrite decompose 
appreciably in the dark at 2(f and 30'^. This decomposition is appreciably 
increased by exposing the solutions to the total light from a 1000 watt tungsten 
filament lamp. 

Tabi^ 41. 


Tnfltience of mnligM on the nitrification and denitrification of ammonium 
sulphate added to fieldfi. 

138' 6 kg. of nitrogon ae (NH 4 ) 2 S 04 por aei-o of land u»©d. 


Coiiditxon. 

NH 3 -K. 

Nitric -N. Available -N. TotabN. 

TotabC. 

Date of 
AnalysiB. 

XJncoverotl 

Cov'-f^red 

. , 0*032% 

. , 0*0373 

0-0028% 

0*004 

0*0348% 

0*0413 

0*14% 

0*148 

0*476% 

0-48 

18-1.36 

Uncovorod 

Covered 

. . 0 008 

. . 0*032 

0-00934 

0-0056 

0-01734 

0*0376 

0*1081 

0*1382 

0-481 

0-482 

30-1-36 

1 * 

Uncovered 

Covered 

. . 0*00582 

, . 0*0224 

0-01132 

0*0082 

0*01714 

0*0306 

0*1032 

0*1328 

0*478 

0-478 

19-2-36 

»» 

Uncovered 

Covered 

. . 0*00504 

. , 0*02176 

0-01194 

0*00924 

0*01698 

0*031 

0*0995 

0-1324 

0*478 

0*472 

9-3-36 

Uncovered 

Oivered 

. . 0 00410 

0*0211 

0*01224 

0*00976 

0*0164 

0*0308 

0*0982 

0*1312 

0*478 

0*478 

4-4-36 

»» 

Uncovered 

Covered 

. , 0*^)0324 

0*0185 

0*01302 

0*01144 

0*1626 

0*0299 

0-09212 

0-1308 

0*478 

0-478 

25-4-36 



Tablb 42. 




277*2 kg. of nitrogen aa (NH 4 ) 2 S 04 per 

acre of land used. 


Uncovered 

Covered 

. . 0-0408% 

. . 0*0624 

0 * 0028 % 

0*004 

0*0496% 

0-0664 

0 - 200 % 

0-2 

0-476% 

0*482 

18-1.38 

Uncovered 

Covered 

. . 0*0234 

. . 0*0500 

0-01468 

0*0048 

0-03808 

0*0,548 

0-167 

0*1902 

0*481 

0*482 

30-1-36 

Uncovered 

Covered 

, . 0*020 
. . 0*0442 

0*01488 

0*00844 

0*03488 

0*05264 

0*1425 

0-3842 

0*478 

0*478 

19-2-36 

99 

Uncovered 

Covered 

. . 0*01844 

. . 0*1)425 

0*01544 

0*00936 

0*03388 

0*06186 

0-1325 

0*1841 

0*478 

0*478 

9-3-36 

t* 

Uncovered 

Covered 

. . 0*01784 

. . 0*04024 

0*0167 

0*01056 

0*03354 

0*0508 

0*1281 

01834 

0*472 

0*478 

4-4-36 

Uncovered 

Covered 

. . 0*00802 
. . 0*03824 

0*01848 

0*01242 

0*0271 

0*0506 

0*1122 

0*1832 

0*472 

0-472 

26-4-36 


These experimental results show definitely that the nitrification of 
ammonium sulphate is much quicker in the plots receiviiig sunshine than in 
those which are covered with wooden planks. Moreover, in the uncovered 
plots there is more nitrogen loss than in the covered plots. Thus, when 
138<6 kg. of nitrogen were added to the soil, the loss in nitrogen in the 
uncovered plots amounted to 34*2% in about 3 months, whereas in the 
covered plots the los^ is only 11*6%. Similarly with 277*2 kg. of nitrogen the 
loss is 43*9% in the uncovered and 8*2% in the covered plot. These results 
conclusively prove that in presence of sunlight ammonium sulphate is nitrified 
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at a much greater speed than in the dark. Along with the greater velocity 
of nitrification in sunlight, there is a concomitant greater loss of nitrogen in 
sunlight than in the dark. These results strongly support our conclusion, 
that sunlight plays an important part in the nitrification and in denitrifica- 
tion in tropical countries. 

We have already emphasised that this type of denitrification, when the 
conditions are favourable for oxidation and nitrification of the nitrogenous 
compounds in the soil, is caused by the formation and decomposition of NH 4 NOa 
in the proc^css of nitrification. The formation of ammonium nitrite from 
ammonium salts and proteins requires oxygen, and that is why this type of 
denitrification is facilitated by increased soil aeration. In the process of 
nitrification, the ammonium ion is replaced first, by the acidic NOg ion and 
finally by NOg, and hence in the process of nitrification the acidity of the system 
increases. It is well known that the nitrous acid decomposes according to 
the equation 

3HN02:^HN08+2N0+Hg0. 

Moreover, the acids have been found to facilitate the thermal and photo- 
chemical decomposition of ammonium nitrite, which is temporarily formed iti 
the soil in the process of nitrification. Murty and Dhar (1931) have also 
shown that sunlight or artificial light markedly accelerates the decomposition 
of nitrous acid according to the above equation. All these factors are 
responsible for the nitrogen loss from soils, when ammonium salts or proteins 
added or present in the soil undergo nitrification. In the previous pages it has 
been emphasised that the presence of carbonaceous substances like carbo- 
hydrates, fats, etc. along with the nitrogenous substances retard the nitrogen 
loss from soils. It has been shown by us that in presence of the carbonaceous 
substances, the velocity of nitrification of nitrogenous compounds is decreased 
and consequently the nitrogen loss is concomitantly decreased. The following 
field trials obtained with the addition of (NH 4 ) 2 S 04 to the soil with or without 
molasses show definitely tliat molasses retards the velocity of nitrification and 
denitrification in soils. 


Tablk 43. 

Retardation of nitrogen Uisa from fiM soils by the addition of mtUiesea. 

17-325 kgiT). of nitrogen as per aero of land used and 8000 kilograms of 

molasses per acre. 


Condition,. 

NHg-N. 

Kitrio-N. 

Available- 

K. 

Total-N. 

Total-C. 

Bate of 
analysis. 

UnmolaaHcd 

Molassod 

0*00832% 

0*00814 

0*00350% 

000350 

0*01182% 

0*01164 

0*0583% 

0*0688 

0-416% 

0*687 

27-9.35 

UnmolaaBod 

Molossed 

0*00636 

0*00778 

0*00566 

0*00426 

0*01102 

0*01204 

0*0683 

0*0609 

0*416 

0*678 

1240-86 

>» 

Unmolossed 

Molossod 

0*00608 

0*00778 

0*006 

0*00682 

0*01208 

0*01860 

0-0538 

0*0626 

0*416 

0*601 

24.1<b86 

tt 

TTmnolaased 

llolaaeed 

0*00488 

0*0070 

0*00714 

0*00686 

0*01152 

mim 

0*0538 

0*0686 

0*411 

0*498 

74U36 
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Table 4S — contd. 


Ckindition. 

NHa-N. 

Nitric-N. 

Available - 
N. 

Total-N. 

Total-C. 

Bate of 
analysis. 

Unmolassed 

. . 0*0042 

0*00714 

0*01130 

oocias 

0-412 

13.12-86 

Molassed 

. . 0 0064 

0*0064 

0*0126 

0*0634 

0*600 

St 

Unmolassed 




0*0532 

0-422 

10.1-36 

Molassed 

! . 0*0064 

o*ook 

0-0128 

0*0638 

0*489 

99 

Unmolassed 

. . 0*00424 

0-007 

0*01124 

0*0632 

0*422 

11-3-36 

Molassed 

. . 0*00622 

o*qp66 

0*01262 

0*06349 

0*4899 


Unmolassed 

. . 0*0042 

0*007 

0*0112 

0*0532 

0*434 

30-4.36 

Molassed 

. . 0 006 

0*0006 

0*0126 

0-0636 

0*480 

*♦ 


Tablb 44. 

34*66 kg. of nitrogen as {NH 4 ) 2 S 04 per acre of land uso<i and 3000 kilograms of molasses 


per acre. 


Unmolassed 

0*01206% 

0*00344% 

0*0165% 

0-0603% 

0*417% 

27-9-35 

Molassed 

. . 0*01228 

0*00344 

0*01672 

0*0608 

0*687 


Unmolassed 

’ .. 0*00768 

0-00636 

0*01404 

0*0609 

0*416 

12-10-36 

Molassed 

. . 0*01076 

0*00436 

0*01612 

0-0636 

0*673 


Unmolassed 

. . 0*00754 

0*00636 

0*01390 

0*0593 

0*421 

24-10 35 

Molassed 

. . 0*0100 

0-00636 

0-01636 

0-0673 

0*507 


Unmolassed 

. . 0*00538 

0*00776 

0*01314 

0-0583 

0*418 

7-11-35 

Molassed 

. . 0*00696 

0*00874 

0*0177 

0-0667 

0-502 

•f 

Unmolassed 

. . 0*00502 

0*0078 

0*01282 

00583 

0*418 

13-12.36 

Molassed 

. . 0*0088 

0*0088 

0*0176 

0*0667 

0*600 

f* 

Unmolassed 

. . 0-00488 

0*008 

0*01288 

0-0574 

0*422 

10-1-30 

Molassed 

. . 0*006 

0*008 

0*016 

0*067 

0*512 

9 % 

Unmolassed 

. . 0*00464 

0*0082 

0*01284 

0*0572 

0-422 

11-3-36 

Molassed 

. . 0*00644 

0*0082 

0*01464 

0*0668 

0-509 


Unmolassed 

. . 0-0045 

0*0082 

0*0127 

0*0572 

0-434 

30-4-36 

Molassed 

. . 0*006 

0*0084 

0*0144 

0*0668 

0-609 



Table 45. 

69*30 kg. of nitrogen as (NH4)2804 per ac?re of land used and 3000 kilograms of 

molasses per acre. 


Condition. 


NHa-K. 

Nitric -N. 

Avttilable- 

N. 

Total-N. 

Total-C. 

Date of 
analysis. 

Unmolassed 


002032% 

0*00358% 

0*02388% 

0*0767% 

0*416% 

27-9*36 

Molassed 


0-02044 

0:00384 

0*02428 

0*0757 

0*585 


Unmolassed 


0*00874 

0*00932 

0*01806 

0*0700 

0*416 

12-1035 

Molassed 


0*0140 

0*00636 

0*02036 

0*0760 

0*574 


Unmolassed 


0*00754 

0*01040 

0*01794 

0*0636 

0-416 

24-10-36 

Molassed 


0-01272 

0*00874 

0*02146 

0-0823 

0*674 

99 

Unmolassed 


0*00636 

0*01108 

0*01802 

0*0612 

0*422 

7-11-35 

Molassed 


0*0100 

0*00972 

0*01972 

0*0828 

0*662 


UnmoloBB^ 


0*00578 

0*0116 

0*01738 

0*061 

0*422 

13-12-36 

Molassed 


0-0096 

0*0098 

0*0104 

0*0830 

0*642 

IP 

tTnmolassed 


0*0056 

0-0U44 

0*01704 

0*0696 

0*422 

10-1-36 

Molassed 


0*008 

0*0100 

0*0180 

0*0842 

0*632 

** 

Unmolassed 


0*0047 

0*0U76 

0*01046 

0*0596 

0*4234 

11-3-36 

Molassed 


0*00666 

0*01066 

0*01712 

0*0844 

0*6312 


UmxHdasssd 


>0044 

0*0117 

0*0161 

0*0596 

0*428 

30-4-36 



0*006 

0*0106 

0*0166 

0*0841 

0*5321 
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Tabi:.e 4(t. 

138*60 kg. of nitrogen as (^04)280^ per acre of land usod and 8000 kilograms of molasses 

per acre. 


Condition. 

NHb-N. 

Nifcric-N. 

Available. 

N. 

Total-N. 

Total-C. 

Date of 
analysia. 

Unmolaesed 

0*032 

0*0028 

00,348 

0*J4 

0*476 

18-1-36 

Molassed 

0*032 

0*0028 

0*0348 

0*14 

0*7435 


Uhmolaagio(i 

0*0080 

0*00034 

0*01734 

0-1081 

0*4812 

30-1.36 

Molasoed 

0*0112 

0*00972 

0*02092 

0*1179 

0*7452 

f 1 

Unmolosaed 

0*00582 

0*01132 

0*01714 

0*1032 

0*478 

19-2-36 

Holasaod 

0*0100 

0*0100 

0*020 

0*1185 

0-7442 

f* 

Unmoloasod 

0*00504 

0*01194 

0*01698 

0*0995 

0*478 

9-3-36 

HolasBed 

0*00084 

0*0102 

0*02004 

0*1172 

0*744 

»» 

Unmolflussed 

0*00416 

0*01224 

0*0164 

0*0982 

0*478 

4-4-36 

Molosfled 

0*00056 

0*01048 

0*0200 

0*1092 

0*742 

»» 

UnmolasBod 

0*00324 

0*01302 

0*01626 

0*09212 

0*478 

25-4.36 

Molasses] 

0*00896 

0*01104 

0*02 

01012 

0*742 

f( 


Tabi*e 47. 


277*2 kg. of nitrogen as (NH4)2^^04 per acre of laud used and 3000 kilograms of 


Uiitnulassod 

, . 0*0468% 

molasaog per acre. 

0*0028% 0*0496% 

0*200% 

0*476% . 

18.1.36 

Molaaaed 

. . 0*0468 

0*0028 

0*0496 

0*200 

0*743 

»» 

Unmolasaed 

. . 0*0234 

0*01468 

0*03808 

0*167 

0*481 

30-1-36 

Molossod 

. , 0*020 

0*01504 

0*04404 

0*1866 

0*745 


UnmolasBed 

. . 0*020 

0*01488 

0*03488 

0*1425 

0*478 

19-2-36 

Molaased 

. . 0*0294 

0*01510 

0*0445 

0*1788 

0*744 


ITnmolassed 

. . 0*01844 

0*01644 

0*03388 

0*1325 

0*478 

. 9-3-3« 

Moloftaed 

. . 0*02774 

0*01462 

0*04236 

0*1726 

0*744 

ft 

Umnolassed 

0*01784 

0*0157 

0*03364 

01281 

0*472 

4-4-36 

Molossod 

. . 0*0248 

0*0164 

0*0412 

0*170 

0*748 

*» 

UntnolasBod 

0*00862 

0*01848 

0*0271 

0*1122 

0*472 

26-4-86 

Molaased 

. . 0*01856 

0*02024 

0*0388 

0*1642 

0*742 

ft 


Thus with 138*6 kg. of nitrogen as ammoniura sulphate per acre of land, 
the loss of nitrogen amounts to 34*2% in the absence of molasses, whilst with 
molasses it is 27*1%; with 277*2 kg, of nitrogen the loss is 43*9% without 
molasses, with molasses the loss is only 17*9%. 

It will be clear, therefore, that the value of ammonium sulphate as a manure 
to be used in tropical countries should be greatly enhanced, if it is mixed with 
molasses, fats or any other carbonaceous material. Recently oil'Cakes con- 
taining fats 'and nitrogenous compounds have been found to be effective in 
tropical countries as nitrogenous manures, because &ts are known to retard the 
oxidation and nitrification of the nitrogenous compounds in the soil It is 
clear why farmyard or green manure produces better crop yield than am- 
monium sulphate alone, because the carbonaceous substances present in the 
farmyard or green-manure retard the nitrification of the nitrogenous com- 
pounds present in the soil and decrease the nitrogen loss. As a matter of 
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fact, when farmyard manure is added to the soil more nitrogen is conserved 
and fixed in the soil than with ammonium sulphate. This is evident from the 
following important results obtained from the llothamsted fields : — 

Total N. 


1. Receiving no manure since 1843 . . . . . . 0-095% 

2. Receiving farmyard manure since 1862 . . . . 0*256 

3. Receiving complete artificials : (NH 4 )aS 04 . . . . 0-099 

4. Receiving complete artificials + farmyard manure . . 0-253 

5. Receiving potash and phosphate but no nitrogen . . 0-090 


Of course, too little oxidation of the protein present in the soil by the 
addition of molasses will not moke the soil suitable for the growth of crops. 
It seems necessary that an equilibrium should be established between tl\e 
oxidised and the unoxidised proteins, ammonium salts and otlier nitrogenous 
substances which are present in tlie soil for maintaining its fertility at a proper 
level. Too much oxidation of the nitrogenous substances and ammonium 
salts may entail marked nitrogen loss by this type of denitrification and too 
little oxidation will not make the soil fertile enough for a good yield of crop. 
Hence the molasses or other carbonaceous substances should not be added 
in very large amounts, and after the addition of molasses or other substances 
the soil should be ploughed to help oxidation. Moreover, molasses when 
added to soil which is properly aerated for helping the oxidation reactions 
causes nitrogen fixation os is evidenced by the increase of ammoniacal and 
total nitrogen contents of soil. 

This type of nitrogen loss may amount to 100 lbs. of nitrogen per acre 
annually, whilst the amount of nitrogen required by wheat (for example) 
per acre is 30-40 lbs. Hence it is highly important to investigate this pheno- 
menon and control this loss without affecting soil fertility. 

The greater value of organic nitrogenous compounds for the soil than 
ammonium salts lies in the fact that not only is the soil texture improved by 
the ooUoids added with the organic manure, but the carbonaceous matter 
added acts as an agent in the preservation of the nitrogenous compounds of 
the soil by behaving as a negative catalyst. 

Apart from this influence of the carbonaceous substances, sugars, cellulose, 
pentosans, fats, etc. on the conservation of soil nitrogen, these substances when 
added to the soil along with farmyard or green manure, or straw, also leads to 
the fixation of atmosplieric nitrogen in the soil. Hence the carbonaceous sub- 
stances, like sugars, cow-dung, cellulose, pentosans, fats, etc. added to the soil 
are not only effective in nitrogen conservation, but cause nitrogen fixation 
os well. In a recent article Jenkins has discussed the use of organic manures 
but has not reported that organic manures help in the conservation and fixation 
of nitrogen in the soil. This aspect of the importance of organic manures in 
pnsferenoe to artifioialf has been discovered by the present writers. ^ 

The foregoing results show that when 17-32 to 69*3 kgs. of nitrogen as 
azmnonium sulphate are added per acre of soil along with molasses, there is 
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appreciable nitrogen fixation in the soil even in the presence of ammonium 
sulphate, as the total nitrogen at the end in the fields containing ammonium 
sulphate and molasses is alw'ays greater than at the beginning. These results 
cannot be explained from the bacterial view point of nitrogen fixation, because 
it has been assumed that in presence of ammonium salt hardly any bacterial 
nitrogen fixation is possible, Hence our results showing an increase of nitrogen, 
when molasses is added to fields to which ammonium sulphate has already 
been added, support the view that nitrogen fixation is partly bacterial and 
partly photochemical and oataljrtic. 


Molaaae^, press mud arid oil cakes in the reclamation of alkali land. 

The late Dr. J. W. Leather carried on experiments for the reclamation 
of alkali soils in different parts of the United Provinces, His conclusions 
are as follows : — 

1. * The only experiment which can claim to have really reclaimed the 
Usar land (alkali land) is the application of gypsum. The cost of sufficient 
gypsum to effect this was very great — about 700 or 800 rupees per acre — ^and 
is obviously prohibitive. Even if the cost of gypsum could be reduced to 
one-half it would still be too expensive if required in the quantity that this 
land did receive it. 

2. The effect of deep and good cultivation coupled with heavy manuring 
has not l)een either what is indicated to the unaided eye or what might have 
been anticipated. The surface foot of soil has been apparently reclaimed, 
but below this the soil is as bad as ever. 

3. Scraping of the salts is practically useless/ 

Compare * Investigations on Usar land in U.P.’ by J. W. Leather, Allaha- 
bad, 1914, p. 37, Recently Dr, Dalip Singh and Mr. 8. D. Nijhawan (1932) 
have tried to reclaim Kallar (alkaline) soil at Lyallpur, Lalakaku, Montogo- 
mary, and Bara Farm by the application of a mixture of gypsum and calcium 
chloride. The pH of the soil was 9 before the treatment and it became 8-2 
after treatment. They reported that the soil permeability appreciably in- 
creases on this treatment after 4 years and the process of reclamation takes 
4 years, which is also the time required by the application of gypsum or 
powdered sulphur. 

Dr. A. N. Puri is carrying on some experiments in this direction at Lahore. 
Regarding the success of the work on the reclamation of alkali land in the 
United Provinces, the following statement of the Director of Agriculture, U*P., 
is of interest : — 

‘ Usar reclamation experiments were carried on by this Department at 
Juhi (Cawtipore), and Abbospur (Unao) without appreciable results and th« 
Babul plantations at the places were transferred to the Forest Department, 
Tim matter nmy, tberefbre/be please refexred to that 1^ 
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Vast tracts of kiTid' in India arc alkaline, > 

It is estimated that the total area of Usar lauds in tlie Unitad Provinces 
alone is more tlian four million acres. Dr. J. A, Voelcker, who examined 
the extent of alkaline lands in Northern India, stated in his ' Improvement 
of Indian Agricultun' \ London, 1893, p. 55, as follows 

‘ Enormous anms, cHpocially in the plains of Northern India, are thus 
affected, and in the North-West Provinces alone there are between four and 
live thousand s(|uare miles of Usar land.’ In the Punjab (Ly all pur, Monte - 
gomary, and other }>laces), Behar, Mysore, Sind, and Bombay, there are vast 
tra(;ts of such unproductive land. Naturally the reclamation of these lands 
is a problem of great important to India. The salts which make these lands 
unfit for growing <irop8 are the c?arbonate, sulphate and chloride of sodium, 
sodium car bonate is chiefly responsible for the unproductiveness of such lands, 
which are generally heavy clay soils and are very often termed parti or waste 
lands. In Sind atid in other parts of the country, normal soils are being 
c;on verted into alkaline ones by irrigation water. Moreover, there are vast 
tracts of sea water damaged lands in Bengal, Gujarat, Bombay and Madras 
Presidemnes. Due to various causes the amouut of alkaline land is increasing 
in India. 

Defects of alkali lands. 

The chief defects of alkali land are : — 

1. The alkalinity. Wo have examined several samples of bad Usar 
lands and we find that the pH is as high as 10*8. Neither Azotohacter nor 
nitrite-formers are observed in cultures obtained with these soils. 

2. The amount of (jahiium compounds is less in these soils than in normal 
ones. The amounts of exchangeable bases are less than hi normal soils. 

3. The nitrogen content is small. In several samples examined by us 
the total nitrogen varied from 0‘OOH to 0*02%, normal soils contain approxi- 
mately 0*05% nitrogen. 

4. The soil is highly impermeable to water. 

5. The soil particles do not settle readily when shaken with wmUu*. 

6. Lacks bac^tf^rial activity. 

Mot/osses^ press vrml and oil cakes in (he reclamation of alkali soils. 

Molasses oontaining acids, carbohydrates, soluble calcium salts, phosphat-es, 
potash, etc. can readily remove all these defects of alkaline lands. 

Alkaline lands have been successfully reclaimed near Cawnpore, Allaha- 
liad and in Mysore by the application of molasses at the rate of 1 to 10 tons 
per acre and good rice crop has been grovm in those reclaimed areas where 
no vegetation ever grew. We have applied molasses in amounts varying 
from 2-5 tons per ao^ of alkali land at Soraon (near Allahabad) and at the 
Govt, form, Unao (Ondh) and have obtained excellent results with rice. The 
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MyHorc Govt. haH Ixjen able to obiahi 1,2(K) to 1,800 Iba. of rice grains per awi 
of alkaline lan^ one ton of molasses per acre on plots whore crops 

faikKi previonsly. At our suggestion the Agrictiltural (Uiemists at Padegaon 
(Bombay), Oawnpore, Hohtak (Punjab), Sabour (Bohar) are reclaiming alkaline 
land by using different amounts of molasses. 

Our results show that for the reclamation of alkali soils of the dry tracts 
of Northern India and Mysore molasses can be very usefully applied. It is well 
known that molasses contains between 60 to .70 per cent of carbohydrates, 
4 to 5% potash, 2% lime, 0*5% phosphoric acid, 0*5% iron and aluminium 
oxides and 0*5% combined nitrogen and the rest water. Moreover, molasses 
is distinctly addic. Research work carried on in Allahabad, Bangalore, Java, 
Hawa ii and other sugar-producing (jountries shows that'^ wben molasses is 
added to the soil along with carbonic acid, organic acids, like acetic, propionic, 
butyric, lactic, et<!, are produced in the early stages in the de<^ompositiou and 
partial oxidation of the carbohydrates present in molasses. Conseqtiently 
the a<!id8 present in molasses and those obtained from the decomposition and 
partial oxidation can neutralise the alkali of the soils rich in alkali. Moreover, 
the carbonic acid, which is produced in large amounts from the decomposition 
and oxidation of the carbohydrates, can convert the sodium carbonate into 
bicarbonate. Also in the process of the escape of carbonic acid from the 
molassed soil, the latter is rendered porous and its tilth is improved. The 
investigations at Allahabad show definitely that the moisture content of the 
molassed soil is appreciably higher than that of the unmolassed one. The 
lime, which is added to the soil along with the molasses, is rendered soluble 
by the organic acids formed from molasses and is helpful in the conversion 
of the sodium soil into a calcium one. 

The soluble calcium salts are Iwuoficial in the improvement of the soil 
tilth by their flocculating power on the clay particles. Moreover, in presence 
of soluble calcium salts, the permeability of the soil is greatly improved. Our 
results show tliat molasses is a l)etter reclaiming agent for alkaline lands than 
either gypsum or powdered sulphur, as there is nitrogen loss from soils when 
these latter reclaiming agents are added to alkaline soil, whilst molasses adds 
nitrogen. The reclaiming effect of molasses is much quicker than that of gyp- 
sum or powdered sulphur, because the acids formed from molasses neutralise 
the alkali quickly and the soluble calcium salts added with molasses improves 
the tilth and permeability of the soil. It has l)een reported that four years 
are netiessary for reclaiming alkaline lands on treatment with gypsum or 
powdered sulphur but with molasses two to six months are quite adeqxiate. 

Moreover, as the Uamr lands contain much less total nitrogen, 0*008 to 
0'02% os against 0*04% to 0'05%, ki normal soils, and as there is nitrogen 
loss from Usar lands on the addition of gypsum or powdered sulphur, it seems 
improbable that these two substances could be used as reclaiming agents in 
tropi^l soils ; they may he suitable for the soils of temperate countries as they 
oc-ntain more nitrogen (0-1% total nitregen). 
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We have repeatedly observed that the piiik colour of phenolphthalein 
obtained by adding this indicator to Usar soil misod with water is quickly 
destroyed by adding molasses. 

We have carried on comparative experiments on the permeability of water 
through alkaline soils when treated with gypsum, powdt^red sulphur and 
molasses and we have observed that the permeability is increased to a greal^er 
extent on the addition of molasses to alkaline soils than with gypsum or 
powdered sulphur. Moreover, our experiments show that suspensions of alkaline 
soils in water readily coagulate with formation of aggregat^cs, which settle 
very readily on the addition of molasses to the alkaline soil susj>ensions. 

Press mud from sugar factories containing large pro|K)rtions of carbo* 
hydrates and calcium compounds are also very useful in the reclamation of 
alkali and Usar soils. Using ^ to 1 ton of oil cakes per acre, Usar soils have 
been successfully reclaimed for rice cultivation. 

Our work on nitrogen transformations in soil has been briefly summarised 
in ‘ Nature * (1036) in the following words : — 

* MOLASSES, NITROGEN FIXATION AND LAND RECLAMATION.’ 

In his presidential address to the United Ihovinces Academy of Sciences, 
India, on December 10, 1935, Prof. N. R. Dhar gave a general account of tluj 
work carried out by himself and his collaborators on nitrogen transformatiotm 
in soil. Prof. Dhar leads the school of thought which believes that nitrifica- 
tion in soils and nitrogen fixation from the atmosphere are, especially in the 
tropics, photochemical, at least as much as bacterial ac^tions. Prof. Dhar 
has produced strong evidence in support of his theories, and the question 
appears now to have reached the stag© at which the protagonists of bacterial 
and photochemical nitrification res|»ectively are unwilling to admit any evidence 
which might shatter their beliefs. 

Meanwliile, other soil workers will be wise to keep an oj>en mind on the 
matter, for the philosophical implications of recognising that light plays a 
part in soils analogous to photosynthesis in the vegetable kingdom are at least 
as important as the practical possibiUties of utilising that- knowledge for the 
onrichment of the soil. Given sufficient facts, their , practical application does 
not n©<jessarily depend on theii* correct interpretation. The praoti<^al facts 
of Prof. Dhar’s researches are tliat Indian soils are generally deficient in nitro- 
gen, that more than half a million tons of molasses from the sugar industry 
are annually wasted in India, and tfiat the application of molasses to the soil 
<?an double and may treble the soil nitrogen content, with a consequent large 
increase in crop yield. 

MoloBsea contains about 70 per cent of carbohydrates and small quantities 
of nitrogen, phosphorus, potash, etc., these quantities, however, being much 
too small to account for the observed manurial effect. According to Prof. 
Dhar, the energy set free in the oxidation of the sugars in molasses is utilised, 
either bacterially or photechemi<?ally, in promoting nitrogen fixation and 
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nitrification. Whatever the nature of the proeesH, Dhar ImB produced indis- 
putable evidence of increases in available soil nitrogen and crop yields following 
the application of molasses. Under temperate conditions, the converse result 
would be expetjk^, as it is well known that the addition of carbohydrate- 
rich material to soil tends to reduce the amoiint of nitrogen available to plants, 
the nitrogen iKicoming fixed as microbial protoplasm or as humus. An essen- 
tial differeru^e, however, between temperate and tropical soil n^quirements 
is that, whereas in temperate regions the limiting factor to crop growth is 
often the slowness, in the tropi(?s it is the rapidity with which soil nitrogen is 
made available to plants, soluble nitrates being formed and leached from the 
soil before they c^n be absorbed by the crop. Ihe general eflect of molasses 
on thf? soil should he the same everywhere, but only in live tropics will its 
‘ braking ’ effect on the mobilisation of soil nitrogen be a positive advantage 
to the cultivator, and only in the tropics will its stimulation of atmospheric 
nitrogen fixation, whether bacterial or photochemical, be appreciable, since 
tempfvratc regions lack the heat necessary for bacterial and the light for photo- 
chemical stimulation. 

For these reasons, the potentialities of carbohydrate maTiuriug — of which 
molasses manuring is an example — have perhaps been overlooked by agri- 
culturists. If Prof. Dhar <ian substantiat/e his claims, he may effect a revolution 
in agricultiire in India, where the supply of the ordinary organic manures is 
far below the demand. Prof. Dhar suggests that a most valuable use can be 
made of molasses in reclaiming alkaline land. The acids produced in the decom- 
position of molasses neutralise the alkalis, and at the same time and contrary to 
experience, when land is reclaimefl with gypsum or sulphur, soil nitrogen is 
increased. 

A period of about four years is usually necessary to reclaim alkali land with 
gypsum, whereas with molasses applied at a rate of 30“-4() tons per acre, good 
crops can be grown within six months. It is not stated whether such reclama- 
tions have been found permanent — in view of the oxidisability of the neutra- 
lising acids, this is open to doubt — but the method obviously merits further 
study. There are four million acres of infertile alkali land in India, and irriga- 
tion practices are increasing the area. The economic reclamation of these 
lands is one of the country's great»est agricultural problems, to the solution 
of which Prof. Dhar's work is pointing the way,' Nature, April 11, 1936i 
p. 029. 

SOMMAKY. 

1. Field experiments with molasses, when mixed with soil, show that 
there is an appreciable increase in the total nitrogen and ammoniaoal nitrogen 
contents. The amount of ammoniacal nitrogen goes on increasing up to a 
limiting value when it decreases. But at this stage, the nitric nitrogen increases 
due to the oxidation of the ammonium salts formed from nitrogen fixation 
and the C ; N ratio tends to approach the normal v^ue. This is the time when 



NITROOICN TKANSFORMATIONS IN THK SOTt. 


127 


crops are to be sown on the molasseci fields. Using 10800 kilograms of molasses 
jH^r acre of land and digging or f uming over once in 15 days, the land is ready 
for crops in about 12 weeks, with 36(X) to 7200 kilograms per acre, it is suitable 
in about 8 weeks. If quantities larger than 10800 kilograms of molasses per 
a<ire of land are added, about four to five months' interval will b<^ necessary. 
In all our field trials with molasses as a fertiliser we have always observed an 
ineimm*. of total and available nitrogen. Moreover, as inolasseH contains 
potash, phosphate, lime and as nitrogen is fixed in molassed lands, it is an 
excellent fertiliser for tropical soils. 

2. When molasses in different amounts is added to soils in dishes and 
(ixposed to sunlight and air, the arnmoniacal and total nitrogen are also 
increased. This increase of nitrogen is always greater in sunlight than in the 
dark. 

3. When .cane sugar solution is added to ordinary soils and exposed to 
sunlight, and air, the aniinoniaf?al and total nitrogen are increased. 

4. When cane sugar solutions mixe<l with sterilised soil are exposed to 
sunlight for a long time in quartz vessels under sterile conditions, there is 
appreciable increase in the available and total nitrogen contents of the sterile 
soil. 

5. Experiments show that 4 milligrams of nitrogen are fixed as ammonia 
per gram of gliK^oae or cane sugar oxidised by passing air t hrough solutions of 
these carbohydrates in presentee of ferrous hydroxide. It appears that the 
efficiency of nitrogen fixation obtained in the induced oxidation of cnrbo- 
hydratf>8 is of the^ same order as that with cultures of Azolobacter thriving in 
flasks. 

fi. Our experimental results show that in the photochemical or induced 
oxidation of oarbohydrates, nitrogen fixation can take place. The oxidation 
of energy -rich organic compounds by air either by light absorption or by 
chemical induction or catalytic action or by bact-erial action causes the fixation 
of atmospheric nitrogen. It appears, therefore, that in tropical countries in 
ordinary soils the fixation of atmospheric nitrogen by the addition of energy- 
rich compounds is partially bacterial and partially photochemical and 
catalytic. 

7. Excellent composts containing double the amount of total nitrogen 
is originally present in the soil have been obtained by mixing molasses with 

^oil in heaps, which are exposed to air and light. The soil organic matter 
and ImmuB and carbon are also considerably increased on the addition of 
molasses. 

8. The available and total nitrogen of soils, which have been molassed 
for three oonseoutive years, are greater than in soils molassed onoe or twice, 
ri seems, therefore, that molasses exerts a residual effect on the soil. 

9. This new method of nitrogen fixation based on the principle of the 
utilisation of the energy available from the oxidation of carbohydrates and 
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other organic cornpouncis in the soil should be largely utilised in tropical 
countries, where the velocity of the oxidation of substances in the soil is high 
under ordinary conditions due to the high temperature and light absorption. 

10. In cold countries, the soil temperature being low and due to lack 
of sunshine, the velocity of the oxidation of energy-rich substances present 
in the molasses may be small and thus the energy available from the oxidation 
of carbohydrates may be too small for any marked nitrogen fixation. More- 
over, in temperate climates, Azotohacter is not suitable for nitrogen fixation, 
as our experiments and those carried on in other countries show that nitrogen 
fixation by AzoMmcier at 10" and lower temperatures is practically nothing 
as Azotohacter requires more heat than most other bacteria; this is why 
Azotohacter has not been utilised by agriculturists in cold countries for nitrogen 
fixation. 

11. Azotohacter should be widely utilised in the fixation of atmospheric 
nitrogen in the soil of tropical countries when fed with energy -rich substances 
like molasses, press mud, cellulosic substances, etc. 

12. Our results obtained with ammonium sulphate added to the soil, 
with and without molasses, show that the total and available nitrogen of the 
molassed plots are always greater than those in the unmolassed plots. Hence 
molaases not only fixes nitrogen in the soil but also acts as a sparer- of nitrogen 
in the soil and this is a very important aj)plication of molasses. In tropical 
countries a mixture of molasses and ammonium salts is a better fertiliser than 
ammonium salt alone. 

13. Cane sugar has also been found to act as a sparer of soil nitrogen. 
When molasses or cane sugar is adde<l even in large quantities to the soil 
exposed to light and air, there is no evidence of anaerobic denitrification in all 
our experiments, although it has been generally believed that in such cases 
anaerobic denitrification sets in. 

14. The moisture content of molassed land is always greater than in 
unmolassed land. 

15. Appreciable amounts of nitrogen fixation have l>een observed when 
soil mixed with t^ellulosic materials like filter paper, dry leaves, oow-dung, etc. 
are exposed to sunlight for oxidation of the organic substanceli on the soil sur- 
face. Moreover, sodium tartrate, citrate, oleate, palmitate, stearate, etc. when 
mixed with soil and exposed to sunlight leads to nitrogen fixation. 

16. It appears that in aerobic nitrogen fixation through the agencies 
of bacteria, light, catalysts and chemical induction, the nitrogen and oxygen 
combine, forming nitrate, which in its turn is converted into ammonia and small 
amounts of amino acids by the action ^carbohydrates . 

17 . (Ireater yields of rice and s|i||arcane have been obtained with molasses 
as a manure. 

" 18. Our experiments as/ffell as those carried on in Java show that the 

i«<?rea»ed fertility of the the adtlitioh of molasses is chiefly due to the 
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carbohydratt^s present in the molasses, as an equivalent amount of minerals 
and combined nitrogen as present in molasses produce very slight effect in 
improving the crop yield. It is quite clear fron) our experiments that the 
nitrogen fixed on the addition of molasses to the soil is the chief cause of the 
increased soil fertility observed. 

Azotobacter numbers increase in abundance and reach a maximum 
where they remain more or less stationary and help the fixation of atmospheric 
nitrogen when molasses or sugars are added to soil. No correlation or direct 
proportionality between the Azoidmeier numl)er,s and the nitrogen fixed is 
observed. In the control plot AzotolHicier numbers remain more or leas 
stationary, 

20. The Azoiohactfir count of the soil exposed to sunlight is always 
less than that kept iti the dark or covered with wooden planks, whereas the 
nitrogen fixation is greater in the exposed than tliat in the dark or covered soil. 

21. Total carbon of the exposed soil is always less than that of the dark 
soil, showing thereby that sunlight facilitates the oxida tion of energy- rich sub- 
stances and thus causes greater nitrogen fixation, 

22. It has l>een observed that the maximum fixation (largest amount 
of ammonia formation) takes place at about 35"^, which is, therefore, the op- 
timum temperature for Azotobacter isolated from the garden soil at Allahabad, 
as against 28"* obtained in temj)erate (jountries. There is hardly any ammo- 
nia formation at 10^' on tlie one hand, and at 00'^ on the other. 

The optimum temj)erature for bacterial nitrification in tropical countries 
is 35° as against 26'^ in temperate climates. 

23. Experimental results in vitro show that ammonium sulphate, mixed 
with sterilised and unsterilised soils, undergoes nitrification and amino acids 
added to soil or other catalytic surfaces are oxidised to ammonium salts to a 
greater extent m sunlight than in the dark. 

Similarly, dilute sodium or potassium nitrite solutions are readily oxidised 
to nitrate when exposed to sunlight. Hence it has been concluded that the 
whole process of nitrification is accelerated by sunlight. 

24. The amounts of available nitrogen varies from 10 to 47*7% of the 
total nitrogen in soils collected from different parts of India, whilst in English 
soili^ is only one per cent of the total nitrogen. 

26. The carbon-nitrogen ratio in soils does not seem to be controlled 
by the energy requirements of the micro-organisms as advocated by Doryland, 
but appears to be regulated by the ease with which proteins, amino acids, 
ammonium salts, etc., are oxidised by air aided by bacteria, inductors, cata- 
lysts and light in presence of carbonaceous substances under different condi- 
tiems, and the oxidations taking place in the soil seem to be guided by the 
same laws which rule animal metabolism. 

. -^'""26. The carbon-nitrogen ratio in soils rises with increase of the soil 
temperature. 
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27. Marked Iobh of nitrogen in the gaseous state is observed when nitro- 
geuotis oompounds are added to soil in which the conditions are favoxirable 
for oxidation by aeration. This loss of nitrogen is high when the amounts 
of nitrogenous manure added is large and can readily exceed the amounts of 
nitrogen required by crops. 

28. When manures are compost/ed in aerobic conditions there is greater 
loss of nitrogen than under anaerobi(j (jonditions. This type of nitrogen loss 
is chiefly due to the formation and decomjwsition of ammonium nitrite and 
nitrous acid from the nitriflcation of the nitrogenous substances and in the 
reduction of nitrate by organic substances. 

29. The decompositions of ammonium nitrite, whicli can take place 
in the dark at temperatures from 20'' upwards, are accelerated by sunlight. 

30. Field trials show that, molasses markedly retards the nitrification 
of ammonium sulphate and deexeases this type of nitrogen loss. Moreover, 
when the amounts of ammonium salts added to the soil are not large, there is 
appreciable nitrogen fixation in presence of molasses. This nitrogen fixation 
cannot be explained from the bacterial view point. 

31. Expoeui'e to sun light causes grea ter nitrlfi cjation and nitrogen loss 
when ammonium sulphate is added to soil in fields. 

32. Organic manures like molasses, leaves and eellulosic materials, green 
manures, cow-dung, oil (;akes, etc., when added to the soil not only increase 
the moisture retention capacity and improve the soil tilth but also conserve 
t he soil nitrogen and adds nitrogen to the soil by fixation of the nitrogen of the 
air. Hence fields manured by cow-diuig and other organic manures contain 
more total nitrogen than fields manured by artificials. 

33. Experimental results show that molasses when added to alkali soils 
and watered converts the alkali soils into acidic ones. 

34. The carbohydrates present in molasses whem mixed with soil, which 
is not sufficiently aerated, are partially oxidised to carbonic acid and partially 
(jouvertod into organic a<tids (e.g., acetic, lactic, propionic, butyric, et(t.). 
These organic acids neutralise the alkali of the alkali lands. 

35. The soluble calcium salts added with molasses flocculate the clay 
iwu'ticles readily, and thus improves the permeability and tilth of the soil. 
The molassed alkali soil is much richer in microbial activity. 

36. In the oxidation of carbohydrates and the sodium salts of the organic 
acids obtained from molasses nitrogen fixation takes place and thus the 
chief defects of alkali soils are remedied quickly by the addition of molasses 
to alkali soils. 

37. Using one ton of molasses per acre of alkali land the Mysore Govern- 
ment have obtained 1200-1800 lbs. of rice grains per acre of land, where the 
crop completely failed in previous years. 

38. Comparative results show that a mixture of molasses and press mud 
is a better reclaiming agent than powdered sulphur and g 3 rpsum hitherto used 
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as reclaiming agents for alkali soil, because on the addition of molasses and 
press mud the nitrogen deficiency of alkali land is rectified and the nitrc^en 
content of these reclaimed lands comes up to the normal level, whilst on the 
addition of gypsum or powdered sulphur the alkali soil appreciably loses its 
nitrogen content. 

38. Press mud and different oil cakes have been found to be good 
reclaiming agents for alkali fields. 




PHOTOCATALYTIC BEDUCTION OF NITRATE AND THE 
SIMULTANEOUS OXIDATION OF AMMONIA TO 
NITRITE. 


By G. Gopjlla Rao arid K, S. MtTBXY, Chemiatry Dtparimmi^ 

Andhra Univeraiiy^ WaUair, 

{Read at Symposium, Augvst 2.9-30, 1930.) 

It ia well known that potassium nitrate decomposes to nitrite in aqueous 
solution when exposed to ultraviolet light. Warburg [1018] studied the ener- 
getics of this reaction. His results showed (1) that the photolysis is more 
rapid in alkaline than in acid solutions and (2) that the quantum yield is much 
loss than unity and falls off rapidly above 2500 A. Anderson [1924] stated 
that this is a process in which a photo-stationary state is reached according 
to the equation 

KNOa^itKNOa +(0) 

Anderson^s work was criticised by Villars [1927] who denies the existence of 
a photo-stationary state in this reaction. 

When a solution of potassium nitrate is exposed in a glass vessel to sun- 
light there is no decomposition of the nitrate to nitrite, but if it is exposed 
to sunUght in a glass vessel together with ignited ferric oxide photolysis 
takes place. There is no reaction in the dark. It has also been observed that 
sterilised soil con markedly photooatalyse this reaction. Further, if an 
ammonium salt was present in the solution, ammonia disappears and there 
is an increase in the amount of nitrite formed. Thus it appears that the v 
photocatalytic decomposition of nitrite brings about the oxidation of ammonia I 
to nitrite. As these reactions are important for the nitrogen problem of the 
soil they have been studied in detail in the following investigation. 


EXTBBIMBKTAn. 

Ferric oxide was precipitated from ferric sulphate solution, by the addition 
of the requisite amount of sodium hydroxide solution ; the precipitate was 
washed firee from sulphate and alkali ; it was dried in a steam oven, powdered 
and sieved through a sieve of 80 mesh. 100 e.o. of a 0*1 N potassium nitrate 
solution was exposed with 1 gm. of the ferric oxide in a 500 o.o. pyrex flask. 
The nitrite nitrogen was estimated from time tovtime by the Griess-Iloavay 
oolorimetrio meth^.^ The following table gives results obtained on the 
variation of the rate of photolysis with the pH. 

Voi. XII-..K 0 , 2. {Published April 17th, 1087. 
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TABtB I. 


pH 

M.gtna 

of nitrite nitrogen formed 

20 hrs. 

40 hra. 

60 hrs. 

7-0 

0*21 

041 


7'58 

0*72 

M9 

1*5 

8-09 

0*82 

1*36 

1*81 

8-61 

0*97 

1*93 

2*2 

9*08 

1*08 

2*1 

2*56 

10*20 1 

M« 

2*30 

3*24 

10*80 

1*86 

3*97 

4*97 


Infiuefnce of variations of concentration of nitrate. 

The following table shows that the rate of photolysis of nitrate decreases 
with diminishing concentration of nitrate. The experiments were done at 
pH 10-8. 

Tabi^k II. 


, No. of hours of 
expOHuro 

M.gms, of nitrite nitrogen 

M/10 KNOs 

M/100 KNOg 

M/1000 KNOs 

20 

1*42 



45 

2*04 

0*54 


75 

3*50 

0*66 

0*12 

100 

7*14 

1*59 I 

0*19 

130 

9-03 

1*95 

0*28 


Influence of ammonium chloride. 

The following table gives the amount of nitrite nitrogen formed on ex- 
posing ICK) o.c, of M/10 potassium nitrate with different concentrations of 
ammonium chloride in the presence of 1*0 gm. of ferric oxide. The experi- 
ments were conducted at pH 7*0. 

TA111.B HI. 


No. of hours of 
exposure 

! Amount of nitrite nitrogen in m.gms. pt^r litre , 

M/50 NH4ei. 

M/100 NH«C1. 

M/200 NH4CI. 

20 

0*52 

0*45 

0*40 

45 

MO 

0*95 

0*85 

75 

2'80 

1*95 

1-80 

130 

8-4 

7*77 

6-07 
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Another set of experiments wore done at pH 10'8 but otherwise similar 
to those described before. The results are tabulated thus : — 


Tablk tv^. 


No. of hours of 
expOBuro 

Amount- of nitrite iiit-roj^on in rn.gm«. per litre 

M/50 NH 4 CI. 

M /100 NH 4 CI. 

M/200 NH 4 CI. 

20 

i 1-87 


1-20 

45 

3-73 


2*63 

75 

1 6 'S 2 


3-65 

IQO 

1 11-07 

10-22 

7*41 

130 

: 16-53 

1 

14-22 

1 (-03 


These results show that in the presence of ammonium chloride there is 
an increased formation of nitrite. 

Experirnenta with soil as pholocaMyst. 

Waltair red soil was washed with distilled water until free from salts 
and then sterilised by heating at J 60-170''C for 10 hours. It was then powdered 
and passed through a 40 mesh sieve. This was used as a photooatalyst. 

100 c.c. of potassium nitrate solution wore exposed to sunlight in a pyrex 
flask with 5 gms. of red soil. The results at different pH values are n^corded 
below. 


Tabltsj V. 


pH 

M.gtnB. 

of nit-rito nit rogen per litre 

20 hrs. 

40 hrs. 

60 hrs. 

9-6 

3-33 

4-7 

6-31 

10-2 

3*40 

4-03 

6*60 

10-8 

354 

515 

7*00 


Injh^nce of ammonium chloride on the photo-decomposition of nitrate. 

The following table shows the amount of nitrite nitrogen formed when 
100 c,o. of M/10 potdssium nitrate solution was exposed with different con- 
centrations of ammonium chloride in the presence of 6 gms. of soil at pH 7-0. 
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Tablb VT. 


No. of hovits of 
6 xposurt> 

M.grns, 

, of nitrite nitrogen formed 

M/60 NH.C1. 

M/lOO NH 4 CI. 

M/200 NH 4 C 1 . 

20 

1*75 

1*42 

1*26 

45 

2*63 

1*81 

1*67 

75 

3*50 

2*69 

2*38 

100 1 

7*87 

5*97 

4*83 

130 

1 

1.3*93 

! 

10*40 

9*01 


In one set of experiments the estimation of ammonia nitrogen was made 
and it was found that this figure decreased progressively, However, there 
was more loss of ammonia than could be accounted for by the increase in the 
nitrite content over the blank. Further work is in progress on different 
aspects of the problem. 

The photo-oxidation of nitrite to nitrate, 

Dhar and oo-workers [1934, 1936] have observed that sodium nitrite in 
aqueous solution is oxidised to sodium nitrate when exposed to sunlight in 
the presence of zinc oxide, titania*, or ferric oxide. Sarkaria and Fazal-uddin 
[1933] have also found that sodium nitrite is oxidised to nitrate photocataly- 
tioally in the presence of animal charcoal or ferric oxide. We have now 
found that sterilised soil can also act as a photooatolyst. In the following 
experiments 100 c.c. of 0*001 molar sodium nitrite solution was exposed to 
sunlight with 6 gms, of sterilised sod at different pH values. 


TABLifi VII. 


No. of hours of 
exposure 

M .gms. of nitrite uitrogeii remaining per litre 

Exposed at pH 7 

Exposed pH 8*61 

Exposed at pH 10*8 


14*0 

JS-OO 

IHIPHII 

40 

12*10 

12*60 


75 

9*83 

10*76 

iBmiiHii 


It appears from these results that the rate of oxidation decreases as 
the pH is increased. On the other band the photo-reduotdon of nitrate to 
nitrite is faster in alkaline than in neutral or acid media. It must be noted 
in this connection that the oxidation of nitrite to nitrate occurs in the dark 
when the medium is definitely acidic ; no oxidation^ however, takes place at 
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pH 7 and abore. In sunlight, however, there is appreciable oxidation even 
in alkaline media when catalysed by ferric oxide or sterilised soil. 

In previous publications Gh>palarao and Dhar [1931] and Gopalarao 
[1934] have suggested that nitrifl cation in soils is partly a photo- chemical reac- 
tion taking place at the surface of the soil under the influence of sunlight. 
Corbet [1934, 1935] is also of the opinion that nitrification in soils, specially 
those of the tropics, is a photo- chemical reaction. 

As shown above potassium nitrate in aqueous solution can decompose 
to nitrite in light transmitted by glass provided ferric oxide is used as a photo- 
oat alyst. The decomposition of nitrate is an ondothermal reaction occurring 
with the absorpi ion of energy (81 kilocalories) 

NO'j-->NO' 2 +( 0 )— 81 kilocalories. 

This corresponds to radiation of wavelength 3500 A. The experiments 
of Warburg [1913] have shown that the quantum yield with radiation of 2070 A 
is only 0*26 while with 2820 A it is much lower, e.g. 0*024. Thus it appears 
that as the wavelength of the light is increased the quanttxm yield rapidly 
decreases. Our observations show that in the presence of a suitable hetero- 
geneous catalytic surface, e.g., ferric oxide or sterilised soil, the energy of acti- 
vation is considerably lowered thus making it possible for tlie reaction to 
occur in visible light. The mechanism of this photocatalytic action raises 
questions of theoretical interest which are beyond the scope of this paper 
and will be discussed elsewhere. 

The observations that sterilised soil also acta as a photooatalyst, and 
that if an ammonium salt is present the ammonia is simultaneously oxidised 
to nitrate, lend further support to the photochemical view of nitrification 
put forward in earlier publications. 

We have also noticed that nitrate can bo oxidised to nitrite photochomi- 
cally in the presence of ferric oxide. It thus appears likely that many re- 
actions hitherto supposed to be due entirely to the action of bacteria can also 
be brought about by sunlight with soil as photooatalyst. 
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FT^UCTUATIONS, RECUPERATION AND FIXATION OF NITROGEN 
IN THE SOILS OF WESTERN INDIA. 

By D. L. Sakasrabttdbhb, MBc.y M.Ag,, AgricvUntid Ciicmiat to ike 
OovernTnerU of Bombay. 

(Read at Symposium, August 29-30, 1936.) 

I 

This paper gives a short account of the work done on soil nitrogen at the 
laboratory of the Agricultural Chemist^ (fiovernmeni of Bombay, Poona. 

The problem as to how the fertility of Indian soils is maintained in the 
absence of manure, more particularly in the a>rid and semi- arid tracts like 
the Deccan, has always been a difficult one. More especially the mainte- 
nanoe of the available nitrogen is difficult to explain. On the one hand, 
there is a demand on the accumulated stocks of nitrogen from the crop grown . 
This reaches, in the case of an annual crop of Jowar (Andropogon Sorghum) 
grown without manure, to about 20 lbs. of nitrogen per annum for such a 
crop (700 lbs, grain and 2,000 lbs. straw) as is commonly produced in the 
Bombay Deccan. Then there is the annual loss from drainage and from 
denitrification. 

It would seem certain, therefore, that even in the absence of vegetation, 
there must be considerable fixation of nitrogen from the atmosphere. 

The soil used for the work was obtained from Pashan village, five miles 
firom Poona. It had been cropped every year, but without any leguminous 
crop or any manure for ten years. There had likewise been no irrigation, 
and the annual crop was either Bajri (Penniselum typJioidmm) or Jowar 
(Andropogon Sorghum). It was a typical ‘ medium black soil * of the Deccan, 

To begin with, it was decided to find out the effect on the nitrogen of the 
soil of varying the quantities of moisture, and also of varying the temperature 
and the light conditions of the soils, and also the effect of additional lime in 
each of these oases. 

Effmt of varying the quantities of moisture . — ^The following table gives 
the milligrammes of organic and ammoniacal nitrogen per 100 grm. of sail 
kept at 20®C. in the incubator. 

Tablh; I. 



1 let day 

After 

35 

days 

After 

70 

days 1 

After 
105 j 
days I 

After 

140 

day« 

Alter 

176 

days 


1 Milligrammee per 100 grm. of soil I 


Soil coutaming 30 per cent 
mobfrfcure. 

3301 

4S-66 

3618 

30*73 

26-00 

26*21 

Soil containing 20 per cent 
tnokture. ^ 

38*01 

42-00 

33-79 

30-77 


23*93 

SoE containing 0*6 per cent 
moistare. { 

3301 

31*38 

29*80 

25*61 

22-64 
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From the above table it is evident that the higher the quantity of water 
the higher is the amount of nitrogen fixed. It seems that during the first 
thirty-five days nitrogen is fixed and then during the next period the amount 
deoreases. After this also it continues to go down upto at least 176 days. 
Tt must be remembered that the figures present the algebraic sum of the 
fixation and the loss of nitrogen, since both these actions are likely to go on 
aide by side. It is also possible that the smaller figures may bo due to nitri- 
fication. 

Effect of iemperature , — The trays kept at 20^C. represent a low temper- 
ature, those at 40®C. represent a high temperature, wliile those kept in diffused 
light were between 20‘"C. and 27''C. for the first three months and therefore 
represent an intermediate stage. After 36 days all the samples show a fall 
in the nitrogen contents, and hence the figures for the first 35 days only are 
shown in the following table. The figures are in milligrammes of organic and 
aramoniacal nitrogen in 100 grm. of soil. 


Tabi.e ll. 



30 

Per cent 
raoisture 

20 

Per cent 
moisture 

6-6 

Per cent 
moisture 


Milligrammes per 100 grm. of soil 

40X\ . . . . . . ' 

55-01 

44-31 

36*21 

Diffused light . . . . . . ; 

40-98 ! 

47-07 

38-14 

20®C. 

48-55 

42-00 

31-38 


These figures clearly indicate that the largest quantity is fixed at a 
temperature above 20'’0., but at 40”C. it is lower than at temperatures 
between 20°C. and 27''0. It seems that a high temperature like 40®C. slackens 
the activity of fixing nitrogen or hastens nitrification. 

Effeci of additional lime , — First set. To find out the effect of additional 
lime, throe per cent of oaleiura carbonate was added to the soil although it 
already contained excess of calcium carbonate. 

The experiment showed that additional lime brings about more nitri- 
fication, but the total nitrogen throughout the period of 84 days is greater 
in the original than in the same soil with additional lime. 

Effects of light , — From the results obtained during the experiments no 
definite relation of the increase of nitrogen to the intensity of light can be 
shown, but it is certain that even in darkness the fixation goes on. 

In the first two series it was found that after about thirty -five days from the 
time of exposing the samples, the highest figure for increase of nitrogen was' 
obtained and after that there was a regular fall. When the sofi was taken 
for experimental purposes it was air-dry contamii^ about 6 per cent water, 
and it was this soil that showed fixation when water was added. It seems. 
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therefore, that when a dry soil gets water it begins to show this activity of 
fixing nitrogen. In order to find out the extent to wliioh this proxjorty proves 
to be useful in increasing the nitrogen contents of the soil a third series of 
experiments was taken up. 

The conoluBions that can be drawn from this series are : — 

When the soil gets water the nitrogen begins to inoreavse for some time 
and then a fall commences. If at this juncture the soil is dried at 60"C. and 
then gets moistened again, the nitrogen increases further, for four and five 
weeks more, and then l^egins to go down. Bepeated drying does not increase 
the nitrogen contents beyond a certain limit under the given conditions. 

ir 

This is only a continuation of port I. It gives the results of experiments 
done with different typical soils of the Bombay Presidency. It also records 
the results of .experiments done to find out the effect on nitrogen recuperation 
of added (a) lime as calcium carbonate, (6) phosphatic siibstanoes, (c) organic 
matter and (d) alkali salts. 

The soils alone or with additional substances were kept at 35*^0. in an 
incubator. All the soils had water equal to one-third the water-holding 
capacity. 

Effect of additim of lime . — In order to asoortiiin the effect of additional 
hme on soils with different |)eroentages of original lime, experiments wore done 
on Goradu soil from Nadiad, River silt from Poona, and Laterite soil from 
Belgaum by adding 3 and 5 per cent of calcium carbonate. 


TABI.JC in. 



Original 

1 lime as 
' GaCOg 

pH value 

1 

Nitrogen fixed per 100 
gramH. ol' RoU over the 
original nitrogen 


Per cent 

Ft>r cent 

Per cent 

Medium black »<»il . . . . j 

7-96 

8%b> 

2M7 

Goradu soil 

2-3(J 

8-2-i 

0'36 

Kiver silt soil . . . . 

1-30 

8v18 

5*6 

Laterite soil . . . . 

i 

0-44 

S'OO 

2*17 


Table IV. 


Soil 

Original 
limo par 
cent A8 
calcium 
carbonate 

MilUgrama of nitrogen fixed 
over that in the control 

3 per cent 
lime added 

6 per cent 
lime added 


Per cant 

Per cent 

Per cent 

Medium black soil . . . . | 

7*96 

nil 

nil 

(jk)mdusoU .> 

2-36 

2-6 

2*71 

iUver silt soil ^ •• i 

1 30 

40» 1 

8*70 

Laterite soU . . . • | 

0*44 

4-6A ! 

8*40 
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Ab shown in series I, the Medium black soil which already contains a 
high proportion of lime is not. benefitted at all by additional lime while all the 
other soils are benefitted. In Goradu soil with 2'36 per cent of original lime, 
addition of 3 per cent shows some increase in the power of recuperation, but 
6 per cent addition docis not show any distinct advantage over 3 per cent, 
beciausc the addition of 3 per cent is enough to make up the required pro- 
portion of lime and the extra 2 per cent has, therefore, no effect. 

Effect of Phmphatic Substances . — ^Phosphoric acid is one of the important 
plant food constituents. In a suitable form it is found to be beneficial to the 
crops and to small organisms. The addition of phosphorus to a soil has 
been found to increase the amount of nitrogen fixed. 

If phosphoric acid, in the form of superphosphate, is added to soils their 
nitrogen recuperation j)ower is increased. In the quantities used, the larger 
quantity of phosphoric acid lias a better effect than the smaller quantity. 

Effect of addition, of organic matter. — Goradu, River silt and Laterite 
were the three soils selected for experiment. They contain different propor- 
tions of organic matter. Cane sugar was added in solution in two proportions 
— 2 per cent and 4 per cent. Water was added to make up to ono- 
third the water-holding capacity of each soil and all the samples were 
incubated at 35^*0. 

Addition of 2 per cent sugar shows a beneficial effect in increasing nitrogen 
fixation power and a further addition of 2 per cent shows a further small 
advantage with the three soils under experiment. The smaller the propor- 
tion of original organic matter the greater is the effect of added organic matter. 
Addition of sugar has a deleterious effect on the nitrifying power of the soil 
at least for some time. 

The alkali salts — sodium carbonate, sodium sulphate and sodium chloride 
— when added to medium black soil of the Deccan, and Goradu and Laterite 
soils show a deleterious effect on the nitrogen recuperation power of these 
soils. Sodium carbonate is the most and sodium chloride the least harmful 
of the three. 

The alkali salts have the worst effect on the medium black soO while 
their effect is the least on the Laterite which is an acidic soil. The alkali 
salts with the quantities used in the experiments show a stimulating effect 
on the nitrogen recuperation power of the River silt soil. 

The River silt which is a freshly deposited soil is easily stimulated by the 
addition of lime, phosphoric acid or organic matter and is also stimulated by 
the addition of small quantities of alkali salts in increasing its nitrogen recuper- 
ation power. 


Ill 

The above results definitely prove that, at least under the controlled oon* 
dit’oni of the laboratory, the additions of phosphatio substances and organio 
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matter improve the nitrogen recuperation of such soils as are not originally 
rich in these ingredients. But it remained to be seen whether any recuperation 
of nitrogen takes place actually under field conditions where there is repeated 
wetting and drying of soils by rain and heat. It was therefore necessary 
to determine whether the fixation of nitrogen takes place under field conditions, 
just as it does in the laboratory. Such a suitable place was found at the Dry 
Farm Experiment Station at Manjri about 8 miles to the east of Poona. Under 
the dry arid conditions of the Deccan nitrogen is liable to far greater losses 
than any other plant food ingredients and from 1927 pnwdrds nitrogen deter- 
minations were made every year sometime after the harvest of the crop. 

The figures indicated rapid depletion of soil fertility. But the decrease 
in nitrogen contents of the soil was not found to have resulted in lowering, 
the yields from these plots. Further, there was a similar depletion of nitrogen 
from a plot which received farm yard manure. 

It was therefore decided to carry on a series of determinations of the total 
nitrogen contents of soils receiving different treatments of cultivation and 
mtinuring tliroughout one complete year taking the soil samples once every 
month. 

It is interesting to trace the change in nitrogen content of well cultivated 
plots in comparison with the actual soil temperatures observed together with 
the moisture contents of the soil from month to month as given in the table 
below : — 

Total nitrogen in 9" surface soil together with corresponding soil moisture 
and average monthly soil temj>erature. 


Tablk V. 


Months) 

Total rutrogon 
nulUgram^ iu 100 
grammes of oven 
dry soil 

For cent 
moisture 

Average monthly 
soil temperature ; 
average of tempera- 
ture at 3 and 6 
inches depth 
from surface 

July. 1930 

73-6 

25-6 

27-3 

Augufit, 1930 

981 

24-1 

28-6 

September, 1930 

80-9 

28-1 

27-4 

October, 1030 

99*4 

25-9 

29-5 

November, 1930 

I02-1 

22-3 

27-8 

Oooember. 1930 

121-6 

20-2 

29*5 

January, 1031 

118*3 

17-7 

30-4 

February, 1931 

118*3 

14-4 

31-9 

Maroh, 1931 . . 

108*7 

11*3 

34-4 

April, 1931 . , 

107-9 

8*0 

89*3 

May, 1931 , . ^ . 

100-6 

13-6 

40-8 

June. 1931 

105-8 

16-3 

.... 
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When the determinationfi were commenced just after the middle of July 
the monsoons had just set in and had moistened the upper suc-inch layer of 
the surface soil. The soil temperatures which were high, going up to 40®C., 
hod come down giving an average soil temperature of 27 *5^0, The nitrogen 
content of the soil was then at its minimum being 73 milligrams per hundred 
grammes of the soil. The effect of wetting by the monsoon rains together 
with a slight rise in soil temperature was to increase the nitrogen to 98 milli- 
grams or a rise of 33 per cent in a month’s period after the original determina- 
tion, The heavier rain in the month of September amounting to 6'76 inches, 
combined with a fall in temperature by over a degree, resulted in lowering 
the nitrogen content to 80 milligrams or fall of 17 per cent over the previous 
determination. The next determination again showed an increase in nitrogen 
to the extent of 34 per cent over the original. There was a little more than 
3'^ of rain during this period but the average temperature had increased by 
over 2®C. In the following month there was a slight rise in nitrogen but the 
peak of the curve reached its highest in December, There was practically 
no rain between the determinations of November and December and the 
average soil temperature was higher than ever before, sinc^e the commence- 
ment of the experiment. The maximum rise in nitrogen contents was as 
much as 65 per cent over the originaL During the next two months the 
nitrogen remained fairly high under the high temperature of Jamiary and 
February. Then a steady fall in nitrogen continued throughout the following 
four months from March to June with a steady lowering of the moisture contents 
of the soil, though there was a steady rise in temperature. At the end of the 
twelve months period of experiment the soil was left richer in its nitrogen 
contents than at the commencement, being nearly 43 per cent higher. The land 
was occupied by a crop of Rahi Jowar from the 17th of September 1930 to the 
14th of February 1931. In spite of the presence of the crop on the land, it 
was freely exposed to the 8\m, rain and wind, as the plant population on the 
experimental plot was very limited. The crop was sown by dibbling 2 seeds 
18 inches each way. The roots and leaves of the plants if obtained in the 
soil sample were carefully picked up and removed so as to avoid any addition 
of nitrogen due to their inclusion. 

Nitrate and nitrite nitrogen . — It is interesting to see the nitrate and nitrite 
nitrogen changes in the soil under field conditions. Nitrogen in these forms 
was probably at its lowest on the starting date. But in a month’s period it 
reaches its maximum peak in August. The moisture content of tlie soil during 
this month was about 24 per cent and the temperature was rising. The 
moist soil was stirred on the 28th July after the first determination. Under 
those conditions nitrification took place very vigorously and gave the maxi- 
mum figure for nitrate nitrogen. The moist soil had \mdergone stirring twice 
during October on the let and 16th of that month and once again in November 
on the 11th and as a result the nitrate nitrogen again increased during October 
ard November when a second peak was obtained. It decreased oonsidaraUy 
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in the following month and remained practically low throughout the cold 
weather montlis of January, February and March. Ploughing the land in 
March and subsequent slight wetting of the surface soil raised the nitrate 
nitrogen in the foUowing three months of April, May and June. Clarke 
and his associates also found two peaks for nitrate accumulation under the 
climatic conditions of the United Provinces. 

The first series of determinations described was done on a piece of land 
which was under a crop receiving special care, attention and treatment. But 
an ordinary cultivator is not likely to follow the procedure and treatment 
of land as given there and hence a second series of determinations was made 
from a piece of land that had a crop grown according to the methods followed 
by an average Deccan cultivator. The main difi:erence lies in the fact that, 
the cultivator’s plot was stirred on a less number of occasions, and had a 
higher density of plant population, than the specially treated plot and also 
had some weeds. 

The maximum rise in nitrogen contents was nearly the same as on the 
controlled experimental plots. It was reached in December as in the case 
of the first series. The chief difference notit?ed was the sudden fall in nitrogen 
in one month’s period after reaching the maximum and the amount of nitrogen 
after this fall was comparatively lower than in the former series. At the end 
of the year’s period the nitrogen left in the soil was about 23 per cent lower 
than that with which the series was started. 

The results of the investigation of the second group of plots dealing with 
three series receiving organic matter added in the form of farm yard manure 
and green manure or Croialaria juncsa may be 8ummarise<i as follows : — 

(1) Nitrogen contents of the soils treated with organic matter showed 
changes very similar to those observed in untreated soils. (2) The total increase 
or gain in nitrogen content over the original was, however, much greater 
in these series than in the series receiving no organic matter. (3) The time 
of maximum increase was a month or two earlier in the case of addition of 
farm yard manure or of sann in the year of experiment. (4) Where the 
addition of sann was done two years before the experiment the activity and 
changes in nitrogen contents were veiy similar to those of unmanured series. 
(6) There was no substantial difference in the form of nitrates and nitrites 
except the fact that the maximum peak of nitrate contents was reached later 
in October or November in coses where additions of organic matter were done 
freshly. In the case of residual organic matter, the nitrate and nitrite nitrogens 
behaved exactly as those in the umnanured series. 

DejBnite recuperation of nitrogen takes place in the soils under field con- 
ditions in the dry form tracts of the Bombay Deccan. Wetting of the soil 
by the monsoon mins and the subsequent partial drying and heating during 
the dry spells of the monsoon seems to be favourable for starting the 
recuperation i^oess, Better cultivation of the land helps to mamtsin the 
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nitrogen contents of the soil fairly high and does not allow a sudden drop 
after the maximum peak is reached. 

The nitrogen content of the soil is not a stable or a constant quantity. 
There is a range in every soil depending upon such factors as the moisture, 
temperature and aeration, which in their turn are dependent upon the climatic 
factors* Hence the determination of nitrogen contents of a soil without any 
attention to the time or season of sampling or other concomitants like the 
moisture and temperature is not likely to throw much light on the fertility of 
the soil as far as this ingredient is concerned. 


IV 

The soils on which the above work was done were brought under cultiva- 
tion only in 1924, before which they were occupied by jungle shrubs. The 
crop grown on those soils was Rdbi Jowar (cold season). Further investiga- 
tion was carried on to find out what fluctuations in soil nitrogen take place 
under other conditions of climate and soil treatment. Three places were 
chosen for experiments. 

At Poona (rainfall 33-66 mches, 902 mm., 1933) the soil is all from the 
Deccan trap. One set of experiments was on a soil with a four-month rainy 
season (rrop and the other on a soil with an eight-month crop of turmeric under 
irrigation. 

At Bolgaum (rainfall 61*6 inches, 1563 mm., 1933) the soil on which 
the experiments were made was a mixture of material derived from both trap 
and laterite. On this soil the practice is to grow three crops. The first is 
a rainy season crop of rice and then there are two others of vegetables grown 
one after another under irrigation. 

At Karjat the soil is derived from trap. The tract receives the heavy 
rainfall of 154*12 inches (3910 mm., 1933) from June to October. A rainy 
season crop of rice is grown. 

For comparative results both uncropped and cropped plots were studied 
in each case. Twelve soil samples were taken from each plot every month 
for 13 months and nitrogen in various forms was determined. Sampling and 
working errors wore ascertained. 

Annval cycle of nitrogen fluctuations, — ^The results obtained show that 
there are nitrogen fluctuations from month to month and there is an annual 
cycle of fluctuations for all soils. 

Nitrogen md organic maUer, — ^By comparing the total tiitrogen figures 
for unoropped and unmanured plots it is seen that both the highest and the 
lowest levels of total nitrogen are higher in soils with a large proportion of 
.cyanic matt^^ than in those with a smaller propeurtion of organic matter* 
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Tablm Vt. 

JRekUion of organic matter to total nitrogen in soils. 


Plots 

Organic 
matter 
per cent 

Poe i 00 grams of ox-en dry soil 

Highest total 
nitrogen. 
Milligrams 

I^owest total 
nitrogen. 
Milligrams 

Poona 

1-53 

51*07 

41*22 

Karjat 

1-81 

80*29 

81*19 

Belgaura 

4'44 

230*47 

197*69 


Seasons of highest and hweal levels of nitrogen. — The liighest point of total 
nitrogen reached by a soil may depend on many factors, but in the climatic 
conditions of the Bombay Deccan the values arc high during the cold season 
between November and February. Although the minimum temperatures in 
these months are low, they are not so low as to interfere with the reactions of 
the soil. The maximum temperatures and the moistures in this season, taken 
together, are favourable for soil reactions. Sometimes another high figure 
for total nitrogen is obtained in June when the soils heated during summer arc 
wetted by June rains. The total nitrogen is generally low in May when the 
moisture goes very low. Sometimes very low figures of total nitrogen are 
found in the middle of the rainy season — ^Ttily to August— due perhaps to 
heavy washing. 

Seastms of highest and lowest nitric nitrogen. ~lt was observed that both 
in the cropped and the uncropp3d plots nitric nitrogen is high in tlie cold 
season when the temperature and moisture taken together form a favourable 
condition for nitrification. The lowest figures for nitric nitrogen are found 
in the middle of the rainy season when the nitrates are likely to be washed 
away. The nitric nitrogen is higher in the uuoropped than in the cropped plots. 

It was observed in the previous experiments done in connection with 
the nitrogen recuperation of soils that the cropped rice plot showed more 
nitrogen than the unoropped rice plot during the growing period of the rice 
crop. These results have been confirmed by the field experiments in the 
winter season at Karjat and Ratnagiri and in the rainy season at Karjat. 

These results received further confirmation by the experiments done in 
the laboratory which show that the rice soils have the power of fixing nitrogen 
and this fixation is helped by the presence of the growing roots of the rice 
plant. It has been shown that the rice seed does not carry within it any 
nitrogen fixing oiganiams. 






THE VICISSITUDES OF NITROGEJVI IN THE SOIL SYSTEM. 


By B. ViswA. Nath, Director^ Imperial Agrimltural Reamrch Instilutty 

New Delhi. 

(Rexid at 8ympo»ivmy AugvM 29-50, 19B6.) 

Several workers on soils in different parts of the world have observed 
loss of nitrogen from the soil in ways other than through drainage. There 
is a general conoensus of opinion that nitrogen undergoes loss in gaseous form 
to a greater or less extent under field conditions. 

Loss of nitrogen is tisiially explained in terms of carbon-nitrogen ratios, 
wliich concept originated from studies on ammonili cation and nitrification 
under a variety of conditions. The causes leading to the loss of total nitrogen 
in the soil do not, however, appear to have been clearly understood. Tjargo 
quantities of nitrogenous fertilisers are bought and applied to the soil. If 
nitrogen is to be bought and put into the soil only to bo lost into the air, it is 
bad business. It is one thing if the i^adily soluble and available nitrogen 
added to the soil is converted from current account into capital or fixed deposit 
account, as it were, and it is another thing to lose it as a result of exchange 
fluctuations. 

In the course of investigations by the writer on the nitrification of cattle 
manure, green manure and ammonium sulphate under field conditions in 
Coimbatore soils, data were obtained wliioh are diliicult of explanation in 
terms of the usually accepted views. The rate of nitrification and accumu- 
lation of nitrates was, as would be expected, greatest with ammonium sul* 
phate, least with cattle manure and intermediate with green manure. Taking 
100 for the nitrification value of ammonium sulphate under field conditions, 
the relative rates for green manure were 50 and 25 respectively in the first 
foot layer of the soil. From fortnightly examinations extending over a period 
of three years, it was evident that there was a periodical loss of total nitrogen 
in the soil tinder all the manorial treatments but that it was greatest with 
ammonium sulphate. Similar fluctuations were noticed in umnanured plots 
also but to a lesser degree. It was ascertained that there was no movement 
of nitrogen into the deeper layers and there was no moisture saturation leading 
to denitrification. The following statement shows periodical increase or de- 
crease of nitrc^en over the corresponding unmanured plot. 

VOI*. HI— No. fPublisbed AprU 20th,^ 
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Tablh I. 


Periodical iricrease or decrease of nitrogen over tJie corresponding 
unnutnured plot. 

(In parfcft por million of dry soil,) 



Orooti manure 

Cattle manure 

Ammonium 

sulnhato 

Date of Bompling 



1 

1 



Nitric 

Total 

Nitric 

Total 

Nitric 

Total 


nitrogen 

nitrogen 

nitrogen 

nitrogeri 

nitrogen 

mtrogen 


Season 103O-31. 


3Ut October, 1930 

+ 3-6 

4-27*7 

4-3*7 

426*4 

44*7 

-48*1 

13th November, 1930 . . 

-0-6 

-f 20*7 

-2*4 

-^16*1 

-0*3 

_0-7 

8th December, 1930 . . 

-f ]•« 

4-19*4 

-0*1 

437*5 

^.0-2 

+ 14-2 

27th Jmmary, 1931 

+ 3-7 

4-44*1 

4-1*9 

4- 29*5 

43*0 

40*0 

13th February, 1931 . . 

+ 0-5 

4-52*7 

4- 4*8 

465*2 

-0*6 

44*2 

2nd March, 1931 

-f 3-5 

-60'5 

4 1*0 

-58*4 

40*2 

-71*5 

13Ui Maitih, 1031 

-f 7‘8 

•f fl*r> 

4*3*4 

434*5 

41*8 

-7*2 

20th April, 1931 

-fO-l 

-51*0 

.-0*1 

-22*0 

-3*5 

-34*0 


+:(a-4 

4*69*6 

4-6*2 

+90-6 

46*1 

-143*1 



Season 1929-30. 




3rd October, 1929 

...4.1 

-15*0 

-16 

-28*0 

420*1 

-47*0 

2lHt October, 1929 

+ 7-8 

+ 6*0 

4-12*3 

~2*0 

4 8*1 

-28*0 

9th Nov'ombor, 1929 . , 

+ 5*6 

4-lOM 

+0-4 

447*0 

42*4 

423*0 

25th November, 1929 . . 

-f 0‘4 

- 10*0 

46*6 

-26*0 

412*0 

--38 0 

6th December, 1929 

4-8*2 

-l-O 

42*9 

4-7*0 

432*5 

415*0 

2ith January, 1930 . . 

4 6.6 

4 - 12*0 

4 - 0*1 

- 1*0 

4 6 * 1 

-» 20*0 

8 th February. 1930 

4*9-2 

4-35*0 

..^4*4 

-~i 6*0 

-4*9 

-300 

24th February, 1930 . . 

4-7*2 

4 1*0 

4 - 1*6 

433*0 

4211 

429*0 

21»t March, 1930 

-4-3 

--100 

41*0 

-«130 

-. 4.9 

48*0 


4 42 6 

4-119*1 

418*9 

41*0 

493*1 

-88*0 


The usuftl explanation for nitrogen fluctuations is that, when easily 
decomposable organic matter is added to the sod, biological prooesses begin 
to operate immediatiely the requisite nitrogen for the development of the 
organisms is obtained from the soil if present in sufficient amount, or ifrom 
the atmosphere in case of insufficient supplies in the soil. On this basis, the 
loss in total nitrogen is rather difficult to explain. The nitrogen loss followed 
the peak values for nitrate accumulation. The influence of carbon-nitrogen 
ratio might have been felt in the early stages of the decomposition of the 
materials added, but it is not clear how the loss of . nitrogen, which appears to 
have oiHauTed chiefly in the end product stage, can be connected with the 
carbon-nitrogen ratio. 

In order that this relationship, if there is any, may be intelligiMe, the 
mutual effects of soluble and readily available oarbonaoeous and nitrogenous 
substances have been investigated. Cane sugar and sodium nitrate have been 
used in different proportions to give varying carbQn*nitrogen ratios ranging 
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from 20C ; ON to OC : IN. The ratios were obtained by keeping the amount 
of nitrogen oonatant and adding the requisite amount of cane sugar to make 
up the different ratios. The results are given in the statement below. 


TabIvK n. 

Ohangee in nitric nitrogen und^r different carbon nitrogen ratios. 
Percentage of nitric nitrogen on soil dried nt to llO'^C- 


A pnriod 

Control 

20 : 0 

20 : 1 

15 : 1 

10 : 1 

5 : 1 

1 : 1 

0; 1 

At Ntart 

nil 

nil 

01 01 

0*102 

0-103 

0-104 

0105 

0-100 

After 10 days 



0-022 

0-040 i 

0-048 

0-050 

0-000 

0-106 

M 20 



0020 

0*042 

0-050 

0-000 

0098 

0-103 

M :i<> „ 


tt 

0-025 

0042 

0-001 

0*070 

0-099 

0-107 

.. 40 


Jf 

0-035 

oor.o 

0-005 

0-000 

0-097 

0-104 

M 50 .. 

• • 


0-043 

0*045 

0-004 

0-085 

0-097 

0-106 


Total nitrogen content at different periods. 


At start 

0-075 

0-073 

0-171 

0-181 

0-176 

0-177 

0-176 

0*180 

After 10 days 

0-078 

0-104 

0-161 

0-148 

0159 

0-164 

0-159 

0*160 

.. 20 „ 

0-077 

0-108 

0-1.53 

0-168 

0-166 

0-170 

0-177 

015» 

M 30 

0-085 

0 -ni 

01 54 

0-164 

01 85 

0-161 

0-170 

0-168 

40 „ 

0-079 

0-111 

0-156 

0*143 

0-164 

0165 

0-171 

0-171 

M 60 ,. 

Percentage change 
control versus tlio 

0-080 

0-111 


* • 

* - 




rest . . 

^-6-7 

+ 49-3 

1 -~6-9 

-13-1 

-7-4 

-6-8 

-4-1 

-8*3 


As the substances added were cane sugar and sodium nitrate, both of which 
are readily attacked by roicro-organismB in the soil, the maximum change in 
total nitrogen occurred in ten days from the start of the experiment. 

A gain in total nitrogen occurred in the absence of added nitrogen to the 
extent of about 60 per cent, evidently due to fixation of atmospheric lutrogen. 
In aU other cases, there were varying degrees of losses. With nitrate only 
and no organic matter, there was little change. In the presence of both 
nitrate and sugar definite loss in total nitrogen occurred, the amount of loss 
generally increasing as the ratio was narrowed. 

In regard to nitric nitrogen, its fluctuation appears to have been regulated 
by the carbon*nitrogen ratio. The wider the ratio, the greater was the loss. 
It should be noted that loss in nitrate need not mean loss in total nitrogen. 
With the 20C : IN ratio, the loss was about 78% and os only 10 per cent 
of the total nitrogen is lost, the balance should be assumed to have been ab- 
sorbed by the micro-organisms. At the other extreme in OC : IN ratio the 
added nitrate xdtvog&a stood stationary throughout. This evidently could 
not be utilised by the 'xnioro-oi^niams. It is, therefore, difficult to explain 
the loss of 8*8 pex cent in this case. 
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Organic carbon was estimated periodically as was done in the case of 
nitrogen. The position at the end of 50 dayB showed varying degrees of loss 
as is seen in the statement below. 


Tabj:.w III. 


Troatiufiiit 

Maximum los« of carbon 

% on total 

% on added 

Control 

5*4 


20C : ON 

61-0 

74'r> 

20C;1N 

50- 0 

74-2 

15C:1N 

47*9 

77‘9 

IOC ; IN 

39-8 

77-0 

(H) : IN 

8-4 

— 


Loss of carbon had taken place in all the series and the greatest loss 
occurred during the first ten days. The loss during the subsequent period was 
correspondingly small. 

When the loss of caibon is calculated as a percentage of the total carbon 
content in the soil the loss appears to be a function of the C : N ratio. But 
when it is worked out as a percentage of the amount of the organic matter 
actually added a totally different state of affairs is revealed. It wiU be seen 
that, regardless of the C : N ratio or of the amount of carbon added, the amount 
of carbon lost is fairly constant, about 70 to 80 per cent of the added carbon. 
It should, however, be noted that the carbon-nitrogen ratio ultimately assumes 
a ratio round about 10 irrespective of the initial magnitude. 

Table: TV. 



C : N on total C and N. 

C : N on organic 0 & N 

Initial 

Final 

Initial 

Find 

Control 



12-8 : 1 

H'l : 1 

10-9 : I 

9*9 : 1 

20C : ON 



390: 1 

12-5 : 1 

37-6 : 1 

11*6 : 1 

20C : IN 



16^8 : I 

9-6 : 1 

80-4 ; 1 

IM : 1 

15C : IK 



13*2 : 1 

8-9 : 1 

29*1 t 1 

12*2 : 1 

IOC : IN 



10-6 : 1 

0*8 : i 

24*1 : 1 

’ 9*9 I 1 

OC : I N 



6-3 : 1 

6-1:1 

11*4 ! l 

11*3 : 1 


For a dearer understanding of the processes involved, the soil cultures 
may be conveniently classified into the following three groups, viss., 

(1 ) soil cultures containing siigar only and no nitrate ; 

(2) cultures containing sugar and ifitrate in different proportions ; 

(3) cultures oontalning only nitrate. 
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Considering the first group, it will be seen that loss of carbon has been 
associated with a gain in nitrogen, the latter being obviously obtained from the 
atmosphere to maintain the ratio at about 10 : 1 . Now the question arises 
whether this fixation of atmospheric nitrogen could again be started by the 
addition of more organic carbon and how far this process could go. 

Ah regards the second group, the introduction of nitrate into the soil 
along with sugar has resulted in a loss of nitrogen. The biological agencies 
seem to be entirely different. Nitrogen fixing organisms of the Azotohacier 
type have either changed their functional characteristics or entirely new 
kinds of organisms have come to the front under the new environment. 

The loss of nitrogen is rather difficult to explain since the two essential 
conditions for denitrification, viz. absence of oxygen and presence of easily 
oxidisabio organic matter are not satisfied in the laboratory experiments. 
Photo -chemical de(3omposition can explain fixed losses but there must be some 
other factor operating in the case of the laboratory experiments. 

It would be interesting to find what would happen if the C : N ratio is 
altered by keeping the carbon constant and changing the nitrate content. 
It might be expected that smoe the amount of carbon decomposed is constant, 
the amount of nitrate converted into organic form will also be constant, 
irrespective of the ratios. If, however, the ratio is altered with organic nitrogen, 
mineralisation of organic nitrogen may be the result. These require experi- 
mental investigation. 

The third group comprises cultures containing only nitrate but no sugar. 
In this ca.fle, the changes in carbon and nitrogen are too small to be detected 
by the methods of analysis employed. The bacterial activity was probably 
at a minimum. Whore, however, ammonium sulphate was substituted for 
sodium nitrate, there was a loss of atout 10% in total nitrogen while the rest 
had been converted into nitrate nitrogen. Fixation of carbon might be 
expected in this case and by the 'addition of sugar nitrification might bo 
impeded. 

Under field conditions, there would be slow decomposition of nitrate in 
the presence of sunlight first into nitrite and then at an accelerated rate into 
the gaseous form. This process would be considerably accentuated in the 
presence of moisture approaching the aatxiration capacity of the soil. 




A STUDY OF THE FLUCTUATIONS IN ORGANIC NITROGEN 
CONTENT OF BLACK COTTON SOIL UNDER VARYING 
CONDITIONS OF CROPPING, 

By D, V. Bal, Agricultural Chemist to the Government, 

Central Provinces, Na^pir, 

(Read at Symposium, August 29^30, 1936.) 

Intboduotion. 

In a series of laboratory experiments on wheat soils from the north of 
the C.P., conducted some years ago, it was observed (Bal, 1927) that no 
appreciable fixation of nitrogen occurred in these soils when incubated for 
varying periods of 2 weeks to 6 months, with ailequate moisture content, but 
without any addition of organic matter. Even if there was a very small amount 
of nitrogen fixed (0*001 to 0 002%) it would mean an addition of 20 to 40 lbs. 
of nitrogen per acre per year which would be more than enough for an average 
annual wheat crop from such soils. It was considered desirable to study 
the organic nitrogen content of black cotton soil under field conditions during 
different seasons and the effect of different crops on soil organic nitrogen. 
This paper records the results obtained in this connection. 

D^ermination of organic nitrogen content of black cotton soil during 
the period April to December, 

In the first instance periodical determinations of organic nitrogen in 
unmanured black cotton soil, uncropped and cropped, were carried out for a 
period of nearly months from 16th April to 29th November. Uniform 
plots were selected on the Agricultural College Farm, Nagpur, and periodical 
soil samples were taken from these plots for purposes of analysis. Organic 
nitrogen in the various samples was determined by the modified KjeldaJil 
method, previously published by the writer (Bal, 1925), and the results obtained 
are given in Table I. 

The results recorded in Table I show that the soil organic nitrogen fluctuates 
very considerably from time to time and that, both loss of nitrogen and re. 
cuperation of nitrogen appear to take place in the soil, under ordinary field 
conditions. These results are in accordance with the earlier observations 
recorded by Wiladon and Barkataii (1022), and Lander and Barkatali (1925) 
in ^ case of Punjab aoib and the recent observations of Sahasrabuddhe 
And Abhyankar (1036) in the case of soils from the Bombay Presidency. It 
wifl be observed that out of the total of 34 nitrogen estimatious carried out, 
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Tabi^b I. 


VaricUtons of organic nitrogen in black cotton soiL 


Timo of sampling 


Percentages of organic nitrogen in dry «oil 


Month 

Date 

Unmanured and 

Unmanurod and cropped 

imcroppe<I 

with gram 




Actual 

Average 

Actual 

Average 

April 


16 

30 

0-057 *) 
0053 ) 

0*055 

0-034 ■) 
0-0603 

0*057 

May 


13 

0049') 


0-064') 



21 

0'054 [ 

0051 

0-050 [ 

0-050 



24 

0-051 3 


0-057 J 


Juno 


1 

0-053 \ 


0-054 


>. . . 


4 

0-067 / 


0-065 / 


If • * 


0 

0-052 y 

0-057 

0-052 > 

0-053 

»» • • 


16 

0-064 \ 


0-055 \ 




30 

0-048 J 


‘ 0-050 / 


July 


9 

0-061 X 


0-056 -v 



U 

0 057 ) 


0-056 f 


11 


19 

0-0.56 

0-056 

0-062 - 

0-063 

«• . . 


24 

0*056 \ 


0-052 \ 


f • • • 


' 29 

i 

0 063 } 


0-051 J 


AnguKt . . 


1 9 

0*057") 


0-060") 


t 


U 

0-063 f 

0-058 

0-049 f 

0-050 

«» . » 


i 19 

0-060 f 

0-048 { 

.1 


24 

' 0*061 J 


0-063 J 


Soptembor 


2 

0-054 X 


0-049 X 


»» * • 


8 

0-059 / 


0-052 / 




16 

0-056 1 

0-057 

0-062 t 

0-062 

M 


22 

0-068 \ 

0-061 1 


M . . 


28 

0-060 J 


0-068 ; 


October , . 


6 

0-065") 


0-053") 


,, 


13 

0*062 / 

0-060 

0-048 f 

0-061 

M 


21 

0-066 f 

0*062 f 

M 


28 

0-068 ) 


0-060 J 


November 


1 

0-063 \ 


0-064 V 


*» • • 


10 

0*056 1 


0 066 ) 


i» • ' 

• ■ 


13 

15 

0-060 r 

0-064 ( 

0-066 

0-062 f 
0*061 f 

. 0-069 

ft * • 


24 

0-069 \ 


0-066 \ 


♦1 • » 


20 

0*050 / 


0-048 ' 






i ■ 


1 


13 show a loss of nitrogen of more than 4% in the oaae of the unoropped plot, 
and 8 only in the case of the plot cropped with legume* Nitrogen cemtent 
of ttie cropped plot rose up appreciably in the month of November. There 
was no definite indication of any parMonlar periodical deerease ewr Increase in 
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the nitrogen content of the soil due to season, during the period covered by the 
investigation. 


Nitrogen fixation capacity of black cMion soil at different periods. 

Samples of soil were taken from two experimental plots, one being kept . 
fallow and the other being cropped with Rati crops. Samples wert^ taken 
at an interval of 10 days during the period — 15th of May to 24th of November. 
Amount of nitrogen fixed in Ashby's mamiite solution by the soil, representing 
the various samples, was determined in duplicate and the results obtained 
are recorded hi Table 2. 

Tahlh 2. 

Nitrogen Jlxcd by one gram of mil per gram of mannlte. 



Average amoiuit of nitrogon fixed in milli- 
grauiH after 14 daya" iuoubation at room 


temperature (average of dupUoate 

Month 

flanka) 


Soil from the 

Soil from the 


fallow^ plot 

ciYippod plot 

May 

10-50 

9-80 

»Tnne 

0-75 

8-72 

July 

0-94 

9- 19 

August 

8-08 

K-44 

September 

9-19 

8-40 

October 

8-75 

8*29 

Novombor 

0-03 

8*29 


The results given in Table 2 indicate a higher nitrogen fixation capacity of 
the jMpw soil than that of the propped soil. Periodicity in nitrogen fixation 
capacity is not well marked, as wm observed by Walton (1915). Nitrogen 
fixation is7 however, somewhat higher in the months of May, June and July 
than that in the months of August to November. 


Effect of growing annuaUy wheat and legumes, alone or in a mixture, 
on the nitrogen corUerU of the black cotton soil. 

With a view to determining the fluctuations in organic nitrogen content 
of the soil under controlled conditions, the following pot culture experiments 
were carried out for a period of nine years : — 

A quantity of black cotton soil from the Agricultural College Farm, 
Nagpur, was obtained and was mixed very thoroughly and several samples 
of the mixed soil were \iaken for the determination of initial organic nitrogen 
present therein. The mixed soil, without any addition of organio manure 
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Tabus 


Organic nitrogen in eoil 









Avruaok amount or oeoakic 

« 1 
1 
% 

6 

nr. 



1923 

1924 

1 

1 1033 

1 

1026 

Cropa grown 

t 

S 

CO 

•4^ 

es 

I 

Removed by crop 

o 

A 

.3 

Removed by crop 

Present in the soil 

Removed by crop 

Present in the 
soil 

Removed by crop 

1 

.9 

4« 

fl 

.i} 

Uncroppod 

7‘4ir> 

nil 

7-676 

nil 

8*434 

nil 

9065 

nil 

9-357 


Wheat aimually 

7-415 

0*042 

7-602 

0*023 

7-926 

0-023 

9-190 

0*024 

8-721 


Gram annually 

7*416 

0-138 

7*909 

0-634 

8-537 

0-119 

9*467 

()-04l 

9-201 

.51 

Mixed wheat and gram 
annually. 

7*416 

0-106 

7-862 

0-133 

8-076 

0-095 

0-533 

0-088 

8-916 

12 j 

Lakli annually 

7-416 

0-102 

7*808 

0-118 

8-402 

0-184 

9-066 

0-038 

8*881 

.?} 

Mixed wheat and lakh 
armually. 

7-416 

0-068 

7-996 

0*092 

8-171 

0-187 

8-678 

0-081 

9-776 

10 } 

Ma^ur annually 

7-416 

0-022 

7-782 

0-141 

8-100 

0-272 j 

8*900 

0*167 

8*994 

S] 

Mixed wheat and 
moHur annually. 

7-415 

0-036 

7-669 

0*088 

8-123 

0-162 

8*737 

0-092 

8*978 


a.K. 

S.B.% . . 


0*216 

2*77 


0-246 

2*17 


0*287 

3*00 

n 

O-SOO- 

4*02 
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HI* 

from various pots. 


MTnOOBN Tion pot IDT OKAMH 


1927 

1928 

1929 

1930 

1931 

Average v>f 9 
yeaml923~1931 

a 

1 ^ 

1 

2 

© 1 

■s ' 

& 

© 

A 

a 

e 

1 

a. 

S 

1 


o 

CD 

V 


G 


© 


© 





>* 

J3 

.3 


J 

> 

.3 


.2 


>■ 

0 

s 

1 

•P 

1 

Sna 

1 

-p 

1 

-P 


1 

r 

. 1 

fl 

1 

P i 

1 

|s 

I 

i s 


■ « 




& 

04 

« 

fX4 

« 

£ 1 


nU 

t 

9'538 

1 

nU 

8*878 

nil 

10*000 

nil 

11-202 

nil 

0-768 

9*313 

0’045 

9'490 

0*044 

8*680 

0*028 i 

9*610 

0*013 

1M14 

0*004 

9*840 

9-128 

0'()48 

10*220 

0*157 

9*348 

1 

0075 

9*850 

0*073 

11*176 

0*069 

11*030 

9*622 

0‘0ft2 

9*551 

0-121 

9*004 

1 

0*080 1 

10*172 

0*087 

10*811 

0*055 

10*830 

0*421 

0 072 

9'744 

0*131 

9*316 I 

0*092 

9*704 

0-140 

11*256 

0-085 

11*590 

9*528 

O' 113 

9-909 

0*112 

9*530 

0*105 

10*087 

0-126 

11*350 

0-109 

11*060 

9*613 

: O' 145 

9-476 

0*023 

9*617 

0*109 

9*800 

0-113 

10*582 

0-061 

U-010 

9*362 

O' 102 

9-640 

0*053 

8*362 

j 

0*094 

9*363 

0-061 

10*348 

0-069 

10*490 

9*066 

1 

0-366 


0-381 


0*899 

|_- 


mui 

0*400 

0-160 



8-77 


4-19 


4*06 

IH 


m 

3‘73 

1-60 
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or fertilisers, was then filled in 16 pots of equal size. Thirty-five pounds of 
soil were added to each pot and crops wore grown annually as required. A 
representative sample of the various types of seed used for sowing was analysed 
every year. The amount of nitrogen added to the soil by the seeds employed 
for sowing, the amount of nitrogen removed by the crop, and the amount of 
nitrogen loft in the soil before subsequent crop was sown, were determined 
every year. In the case of the cropped pots either 10 plants of wheat only 
or 5 plants of wheat and 6 plants of the appropriate legume were grown as 
required. 

The types of crops grown in the various pots and the results of amiual 
determinations of nitrogen in the soil are given in Table 3. The results show 
the following : — 

(1) The organic nitrogen oonlient fluctuates from year to year. A remark- 
able increase in the nitrogen content of the soil from all the pots has occurred 
in the year 1930. 

(2) The nitrogen content of the soil, at the close of the period of 9 years, 
is ajjprooiably more than that initially present. 

(3) Growing wheat annually for a period of 9 years does not appear to 
have caused any deterioration in soil organic nitrogen. At Rothamsted, 
in the case of the unmanured Broadbalk wheat plot, it was found that although 
thei*e was a very little decrease in the actual nitrogen content of the soil ofbor 
a period of 48 years, the nitrogen balance sheet drawn after taking into con- 
sideration the wheat crop obtained, showed a gain of one pound of nitrogen per 
acre per year (RussoU, 1926), 

(4) Growing a mixture of wheat and legumes annually does not show any 
significant increase in soil organic nitrogen over that found in the soil growing 
wheat alone. 

The writer expresses his tlmnks to Dr. E. J. Kalamkar for having calcu- 
lated the figures of standard error included in Table 3 and to Mr. R. N. Miara, 
Assistant to the Agricultural Chemist, for the help rendered by him in oonnec- 
tiou with some of the analyses of soils and crops. 

SUMMABV. 

(1) Results of (a) periodical determinations of organic nitrogen and 
nitrogen fixation capacity, in black cotton soil under field conditions, and (6) 
pot culture experiments conducted to study the effect of fallowing and cropping 
with various crops, on soil organic nitrogen, have been given. 

(2) It has been observed that oi^anic nitrogen in black cotton soil, under 
varying conditions of cropping, fluctuates very considerably from time to 
time. 

(3) Under field oonditions both loss of nitrogen and reouperathm of 

nitrogen take place, but the latter process appears to be of a more frequent 
nature than the former. ' 
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(4) No definite indication of any periodical decrease or increase in the 
nitrogen content of the soil due to season was noticeable, but the nitrogen 
fixation power of the soil was found to be somewhat higher in the months of 
May, Juno and July, than that in the months of August to November, 

(5) In the pot culture experiments conducted for a period of 9 years, it 
was observed that the nitrogen content of the soil from all the pots at the close 
of the experiment was appreciably more than that initially present, and in 
the year 1930 it had increased rather remarkably. 

(6) Growing wheat annually for a period of 9 years has not caused any 
deterioration in soil organic nitrogen. 

(7) Growing a mixture of wheat and legumes annually does not show 
any significant increase in soil organic nitrogen over that found in the soil 
growing Wheat alone. 
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SOME NEW ASPECTS OF THE MECHANISM OF NITROGEN 
FIXATION IN THE SOIL. 


By T. R. Bhaskarak, and V. Subrahmanyan, D.8c,, FJ.G. 

Department of BiochemiePry, Indian Institvie of Science, 
Bangalore. 

{Read at Symposium, August 29-BO, 1936.) 

During recent years a large volume of work ha»s been directed towards 
the elucidation of the mechanism of non-83nnbiotio nitrogen fixation in the 
soO. These studies have been mostly carried out with pure strains of the 
genus Azotobader. This is partly due to the historical association of those 
organisms and partly to their ability to fix fairly large amounts of nitrogen 
in the artificial media that are generally employed. On the other hand, very 
little information is available regarding the precise manner in which these 
organisms function in the soil ; as to whether they stand competition with 
other organisms, and the extent to which the combined activities of all the 
organisms contribute towards nitrogen fixation in the soil. 

Much valuable work has already been carried out on tlie nitrogen trans- 
formations attendant on fixation. Only meagre data are available, however, 
regarding the changes undergone by the carbonaceous materials which are 
utilised in the process, the nature of their degradation products and the 
manner in which they ore transformed into the ultimate products of fixation. 
The relation of these products to the growth of the organisms and their ability 
to fix nitrogen are also awaiting solution. 

It is well known that, under ordinary field conditions, there is compara- 
tively very little fixation of atmospheric nitrogen ; indeed, the various at- 
tempts that have been made during the past few decades to enrich the soil 
by artificial inoculation of Azofobacter and allied organisms have not proved 
very successful (Lipman, 1908 ; Bottomley, 1914 ; Emerson, 1918 ; Brown and 
Hart, 1925). On the other hand, Wilsdon and Barkat Ali (1922) and a.few other 
workers have reported considerable increase in the nitrogen contents of certain 
arid tracts which could be accounted for only by fixation from the atmosphere* 
Moreover, a number of workers have reported periodical increase in the 
nitrogen contmts of soils (Sahasrabuddhe and oo-workers, 1928, 1931, 1936; 
Annet et ah, 1928, and others) which cannot be entirely accounted for by non- 
biologtoal transformations. These observations would suggest that, although, 
under normal conditions, the extent of fixation may be almost negligible, there 
are 3ret certain special conditions under which quite large quantities may be fixed. 
A fWer understanding of the foregoing and other observations will be possible 
only if ilm various factors influencing the efiioienoy of fixation in the soil can 
W Batisfaotmdiy ^ d^ 
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With a view to throwing soma light on these and aUied problems, the 
present enquiry was undert^iken. 


Exfkrimbntal 

Previous studies on carbon transformations during fixation of nitrogen 
by Azotobdcter, partioidarly by Stoklasa (1908), would suggest that organisms 
belonging to that genus derive their nutrition chiefly from carbohydrates. 
Working with Azotobacter chroococcum, Ranganathan and Norris (1927) ob- 
serveil that decomposition of sugar was comparatively slow ; that the fixation 
of nitrogen was complete before the entire quantity of sugar was used up. 
Regarding these observations, it is difficult to deteraine whether it was due 
to the slow action of Azotobacter or to the smallness of the inoculum. More- 
over, as the sugar was present all through in the medium, it is not possible 
to ascertain whether any of the products of fermentation was utilised in the 
fixation of nitrogen. 

The following experiments were therefore carried out with an active 
strain of Azotobacter chroococcum, Beij., isolated from the local soil. Heavy 
growths of the organism were obtained on Ashby’s mannite agar medium 
using the cellophane technique of Bhaskaran et al. (1936). The growth (which 
was free from the solid medium) was shaken up with sterile water and the 
resulting suspension used for inoculation. The liquid medium used for the 
study was similar to Ashby’s original composition with the diSeronoe that 
glucose was substituted for mannite. At stated intervals, the distribution 
of carbon and nitrogen in the medium was determined according to Bhaskaran 
and Subrahmanyan (1936). 


Tabbk L 

DistribiUion of Carbon, 


Time in 
days 

Organic oarbou (in mg.) in 25 o.o. of medium 

Lost os gas 
(mg, of carbon) 

Total 

Present iu 
slime and 
baot. oells 

Present as 
sugar 

Present in 
other soluble 
fonns 

0 

02-9 

0*60 

92*0 

0*4 

nil 

3 

88*7 

9-8 

70*1 

8*8 

4*2 

6 

76-0 

10*6 

M’9 

, * • , 

16*9 

10 

48*0 

12*0 

28-7 

7*3 

44*9 

U 

30*0 

15*7 

nil 

14*3 

62*9 

18 

31*6 

16*6 

*8 

16*0 

.... 

22 

221 

16*1 

«> 

60 

70*8 

26 

17*8 

16*2 


1*6 

, 76*1 
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Table II. 


Vislribution of Nitrogen. 


Tim© in 
days 

Nitrogen (in mg.) in 25 c.c. of medium 

C-N ratio of 
slime and 
baot. cells 

Total 

Present in slime 
and baot. eells 

Present in fclio 
supernatant 

0 

0-14 

0-04 

0*10 

14‘25 

3 

0*43 

0*33 

O-IO 

29*30 

6 

0'05 

0-82 

013 

12*80 

10 . 

1’07 

1*03 

0*04 

11*75 

14 

120 

i-09 

on 

14*30 

IS 

1-24 

M2 

0*12 

13*90 

22 

1-28 

1-24 

0-06 

12-8 

20 

1‘22 

M4 

0*08 

14*2 


There was steady fall in the total organic carbon content of the medium. 
The sugar was used up in the course of 14 days, but considering the heaviness 
of the inoculum, the progi’ess should be regarded as being comparatively slow. 
The decomposition proceeded very much more rapidly in presence of the 
mixed flora of the soil, the entire quantity of sugar being used up in the course 
of 4 days {vide infra). The major part of the sugar was converted into gaseous 
products, but a small part was also taken up by the organisms. The growth of 
the organisms came more or less to a stop after the sugar was used up. The 
residual organic matter is accounted for by certain water-soluble forms, chiefly 
organic acids (Ranganatlian and Norris, toe. cit.). Those forms increased up 
to a point but were then used up by the organisms. They did not oontributo 
to the dry weight of the organisms but were converted into gaseous forms, 
chiefly carbon dioxide. 

A comparison of the above with the distribution of nitrogen showed that 
the major port of the fixation took plac^e before the sugar was e?itir©ly used up. 
The subsequent fixation was almost negligible, so that it may be concluded 
that the residual organic matter was not utilised in tiie fixation. The fixed 
nitrogen was mostly in the sUme and in the bacterial cells, but a small portion 
was always left in the supernatant. The C-N ratio of the growth showed wide 
fluctuations in the early stages hut attained a more or less steady value after 
the 14th day. 

The foregoing observations would show clearly that fixation by Azato- 
hoctef is olosely linked up with the availability of the ciurbohydrate. The 
residual organic matter was not utilised to any appreciable extent in the 
fixation. 
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The above resnlts are supported by observations on the growth of the 
ozganisms and storage of organio oarbon and nitrogen in the cells and slime. 


Tabiub hi. 


Oroufth in relation to fixation of aarhon and nitrogen in ceUe and nlime. 


1 

Time in 
days 

1 

Bacterial count 
in millions 
per 0 . 0 . 

1 

Dry matter of 
cells and 
slime (in mg.p 

Organio oarbon 
of oella and 
slime (in mg.) 

Organio nitrogen 
of cells and 
slime 

0 

61-0 

2*4 

0*6 

0-04 

3 

90-1 

26*3 

9*8 

0*33 

6 

151*3 

360 

10*5 

0*82 

10 


38*0 

12*0 

1*03 

14 

190*6 

38*6 

15*7 

1*09 

18 

102*6 

38*0 

15*6 

M2 

22 

181-0 

36*6 

16*1 

M2 

26 


89*7 

16*2 

1*14 


A comparison with the previous tables would show that there was no 
inorease in bacterial numbers after the disappearance of sugars ; nor was there 
any appreciable increase in the dry matter, organic csarbon or organic nitrogen 
content of the ceils. 

An entirely different set of results was obtained when the soil itself (re- 
presenting the mixed flora) was used for inoculation into a similar medium. 


TABt.® IV. 


of carbon. 


Time in 
days 

! Organic carbon (in mg.) in 80 o.o. of medium. 

Lost as gas 
(as mg. of 
carl^n) 

Total 

Present as 
sugar 

Present in 
sediments 

Present in 
supernatant 

0 

178*7 

170<4 




2 

111*7 

83*6 

13*6 

34-8 

62-0 

4 

66*0 

m2 

S4-2 

27*6 

118*0 

8 

63*4 

.... 

89-0 

10*3 

120*3 

12 

62*5 


89-9 

9*8 

121-2 

16 

1 

60*6 

.... 

89-4 

7*8 

. 

123*2 


I Correotion has been made for the wei^t of mmaed calcium carbonate which 
separated with the organisms. 

s The soil used for inoculation contained 3’S mg. of carboni brit oamQtidn has been 
applied for this. 
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Table V* 

Production and Dutrihulion of organic adds. 


Time in 
days 

Organic acidB (oa mg. of o. in 50 o.o. of medium) 

Total 

Non- volatile 

Volatile 

Laotio 

Acetic 

Propionic 

Butyric 

Total 

2 

61 

2*7 

0-6 

3*8 

7*1 

13*2 

4 

12*8 

81 

0*4 

3*6 

7*0 

19*8 

8 

nil 




6-8 

5*8 

12 

nil 




4*8 

4-8 


Table VI. 


Digirihution of Nitrogen* 


Time in 
days 

Nitrogen fixed (as mg.) in 60 o.o. of medium 

0-N ratio of 
mucilage 

Total nitrogen 

Nitrogen in 
sediment 

Nitrogen in 
supexnatant 

2 

0*78 

0*89 

0*39 

43*9 

4 

1*26 

0*39 

0*87 

62*1 

8 

2*42 

1*93 

0*40 

20*6 

12 

3*07 

2*90 

0*17 

13*8 

16 

3*16 

2*96 

0*20 

13-4 


It may be seen that the sugar was decomposed at a very rapid rate, the 
entire quantity being used up within 4 days. Only less than a third of the 
oiganio carbon was left behind in the mediunii the rest being lost as gas. The 
organic carbon in the supernatant was present mostly as acids (ohiedy lactic 
acid), but this was used up between the 4th and 8th days for conversion into 
miorobial tissue. 

The study of the nitrogen transformations also showed that the fixation 
took place mostly between the 4th and 12th days, that is, after the sugar was 
entirely used up, A small quantity of nitrogen always remained in solution, 
but bore no relation to the rate of fixation. The 0-K ratio tended steadily 

to narrow down to a constant value. 

These observations were supported by direct experiments with the soluble 
organic matter left after the disappearance of sugar. On being sterilised and 
then inoculated with the mixed flora, the soluble residues fixed nearly tvro- 
ihirds as much nitrogen as the original sugar itself. 
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TABtK VIT. 

FiwcUion of Nitrogen hy th^ xvaier soluble residue left after decomposition of sugar. 


Nifcrogou fixfKi (in mg.) by 50 o.o. of : 


Time in dayn 



Filtrate Ht-erilised and froghly 
inoculated 

Original sugar medium 

4 

0-26 

210 

8 1 

162 

2-62 


A furt her obHervation of interest was that the supernatant liquid (oon- 
sisting ohiefly of tlu^ mixed (nilciuiu salts of organic acids) was used up in the 
Hu[)sequent. fixation. The solid sediment eousistiug of the living cells together 
with the insoluble prcKlucts formed in t he rnediuin did not fix any appreciable 
(|ua,ntity of nitrogen when left as such. 


tablid vm. 

HeUuh^. of supernatant and sedimerU tn fining nUfogen, 


i 

Time in days 

Nitrogen fixed (in mg.) in 60 c.o. of medium 

Supernatant. 

Sediment 

Unsterilised (control) 

4 

T25 

0-30 

2'10 

8 1 

1*62 

044 

2-62 

12 

1*67 

0-44 

2*77 


It would bo seen from the foregoing, that, in presenoe of the mixed flora, 
the (carbohydrate was extremely unstable and was rapidly destroyed. The 
pnxluots of decomposition, though small in quantity, were economically 
utilised in the fixation. These observations would suggest that if, by some 
moans, the carbohydrates can first be converted into the mixed acid products 
l>efore inoculation with the soil flora, then it may be possible to obtain greater 
return of fixed nitrogen for the carbon utilised than would otherwise be the 
case. 

It has already been shown (Bhaskaran, 1936) that if the oArbohydrate 
is Jlrst fermented under conditions of restricted air supply, then the major 
part of the organic carbon is converted into acid products. These can be 
neutralised with lime and utilised as their mixed calcium aalta 
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With a view to standardising the conditions for the application of the 
mixed oaioium salts, some experiments were carried out substituting them for 
sugar in Ashby’s medium. It was found that when they were used in fairly 
large quantities (on the same carbon basis as the original sugar), only a very 
small portion was used up. The corresponding fixation wtis also small, but 
the ratio of carbon utilised to nitrogen fixed was quite satisfactory, being of 
the order of 17 : 1. This Ikmld compare very favourably with the result 
obtained when sugar was used as the source of carbon. In the latter case, 
the ratio of carbon utilised to nitrogen fixed was of the order of 60 to I 
(Bhaskaran and Subrahmanyan, loc. cit.). 


Tabt.w TX. 

Wjfecl of applying Uirg& qiuintUka of mixed calcium mils. 


Time in days ' 

Total organic caid)on 
(ill tng.) 

Total nitrogen (in mg.) 

0 

132 

nil 

4 

120 

0-42 

8 

116 

0-96 

12 1 

106 

L50 


The dilute residue left after fermentation of sugar was utilised to a greater 
extent than the concentrated product. There was also great<^r fixation of 
nitrogen, but the ratio of carbon utilised to nitrogen fixed was more or less 
the same as in the previous experiment. Combination of the mixed calcium 


Tabie X. 

Nitrogen fiaeation by the reeidue left after ayiaerohie decomposition of ettgar. 


Tim© in days 

Total organic carbon 
(in mg.) 

Total nttrogon (in mg.) 

0 

93 

nil 

4 

82 

0-70 

8 

68 

L64 

12 , 

65 

2*08 


salts together with the sugar did not lead to more economic fixation of nitrogen 
except when the quantity of the former was comparatively small. 
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Tabi,K XI. 

£^ffect of combining mgar wUk the missed calcium aaUtt. — Okangee in ca/rbon. 


Time in days 

Organic carbon (in mg.) 

Sugar solution 
alone (control) 

Sugar solution 
-f 20 mg. eejui- 
valent of imxed 
calcium salts 

Sugar solution 
+40 mg. equi- 
valent of mixed 
calcium salts 

Sugar solution 
+ 80 tng, equi- 
valent of mixed 
calcium salts 

0 

100-2 

120-2 

140-2 

180-2 

4 

07-0 

118-5 

137-7 

170-0 

8 

48-8 

84-0 

08-8 

103-0 

12 

47-0 

68-8 

75-5 

B6-4 


Table XTI. 


Sffect of combining sugar with the mixed calcium salts, — Ohrmges in nitrogen. 




Total nitrogen (in mg.) 


Time in days 

Sugar solution 
alone (control) 

Sugar solution 
+ 20 mg. e(^ui- 
v^ent of mixed 
calcium salts 

Sugar solution 
+ 40 mg. equi- 
valent of mixed 
calcium salts 

Sugar -solution 
+ 80 mg. equi- 
valent of mixed 
calcium salts 

0 

nii 

na 

nil 

nil 

4 

0-84 

0-93 

0-97 

0-93 

8 

2-60 

3-01 

3-11 

3-10 

12 

3-50 

1 

4-21 

4-46 

4*70 


The concentrate added to the fermented medium after the sugar was 
entirely used up did not fix more nitrogen than that used as such, the ratio 
of nitrogen fixed to carbon utilised fl : 20*6) being sirnilar to that previously 
obtained* 

Tablk XIII. 


Kffed of adding the acid coficentrate after the sugar %oas used up., 


Time in days 

Organic carbon as mg. in 100 o.o. 
medium 

Nitrogen hxed (in 
mg.) by the mixed 
oalotum saltss 

1 

Sugar alone 
(control) 

Sugar +20 mg. 
equivalent of 
mixed calcium 
salts 

Experimental minus 
Control 

0 

28-4 

48-7 

ml 

4 

. • * « 

38-1 

0-70 

8 

28-0 

84-8 

0-80 

12 

24-0 

31«6 

0-83 
■ 1 



THE MSOHAKISM OF KTITROOBN FIXATION IK THE $011.. 


171 


Experiments with two different types of soils (one a local specimen and 
the other an alkali soil from Sindh) showed that when the concentrate was 
applied at 20 mg. to every 10 g. of soO, the efficiency of fixation was of the 
same order as those previously reported. 


TABta XIV. 

Fiwation of nitrogen by the miwed cahium /talte in different eoile. 


Time in days 

Organic carbon (in mg.) 

Nitrogen fixed 
(in mg.) 

Ratio of nitrogen 
fixed to carbon 
utilised 

Soil (10 g.)4-20 
mg. equivalent 
of mixed 
oaloium aalte ^ 

Carbon utilised 

Experimental 
minus Control 



Bangalore Soil 



0 

70'6 

I nU 

nil 



4 

66- 1 

5*4 

0*32 

1 : 16*9 

12 

61-6 

i 9*9 

0-88 

1 : 11-8 

17 

; 08-2 

1 12-3 

0»93 

1 : 18'2 



Kalar Soil 



0 

69*0 

nil 

nU 


4 

66<3 

3-6 

0-60 

lV7*'2 

S 

62-3 

7*6 

0'66 

1 ; 11*6 

12 

67*1 

12-8 


.... 

17 

! 54‘7 

15-2 

0-9i 

1 : 16*7 


In both the cases, the untreated soil did not show any appreciable varia- 
tion in organic carbon, so the corresponding figures have not been recorded. 

During the first 4 dajrs, the rate of fixation in the soil was very high, the 
ratio of nitrogen fixed to carbon utilised being as narrow as 1 : 7 in one of the 
soils. Although there was some slackening in the later . stages, the final 
results should still be regarded as satisfactory. 

The quantities of the mixed oaidum salts added in the previous experi- 
ments would correspond, approximately, to 2 tons of organio carbon per acre. 
The nitrogen fixed by these would amount to about 2 cwts., i.e., about 13‘6 
owts. of protein or about 2*6 tons of a good seed cake. 

The recent work of Burk and Homer (1936) would suggest that the fixed 
nitrogen is easily assimilated by plants. The foregoing observations would 
show that the preparation of the mixed ealoium salts from a cheap earbo- 
hydrate waste like molasses and its subsequent application to land would be 
an aoonosmioal way of indirectly supplying a useful quantity of readily avail- 
able nitrogen to the soil. 
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Discttssion. 

Perhaps the most striking observation arising from the present enquiry 
is that the fixation of nitrogen by tiie mixed flora of the soil (which is the nearest 
approach to soil conditions) follows a different course from that of Azotobacter 
alone. The latter is comparatively alow in decomposing sugar. The fixation 
proceeds only as long as the sugar lasts : the residual organic matter is not 
utilised to any appreciable t^xtent in the fixation. On the other hand, the 
mixed flora of the soil, though fewer in number, are extremely rapid in decom- 
posing the sugar. Only a email quantity of nitrogen is fixed in prosencse of the 
Hugar while the major part (amounting to over two- thirds of the total nitrogen) 
is fixed in the later stages. It has also been demonstrated that the products 
of decomposition of sugar, consisting chiefly of organic acids, are utilised in 
the subsequent fixation. These observations would suggest; that, although 
Azotobacter may be j)otent by itself, it does not play any important part in 
presentee of the other organisms of the soil. The latter decompose the sugar at 
a very rapid rat>e, so that, even if the Azotobacter is active in the soil, it will 
receive only a limited amount of organic nutrient and will, in consequence, fix 
only a small amount of nitrogen. Since Azotobeteter does not utiUse the residual 
organic matter to any appreciable extent, it has to be inferred that the fixation 
observed after the disappearance of sugar is presumably due to the agency 
of the other organisms of the soil. 

It is well known that many of the soil organisms (other than those of the 
genus Azotobmter) are capable of fixing nitrogen. It is probable that some 
of them are active in the soil and are primarily responsible for the fixation 
consequent on the application of sugar. The nature of these active organisms 
an(^y|l| manner in which they function are still obscure. Further work is 
g||®a to throw light on this aspect of the problem. 

ftirtlier observation, which is also of considerable importance, is that 
the residue lefb after the decomposition of sugar is highly potent in fixing 
nitrogen in the soil. The return of nitrogen to carbon utilized is highly 
favourable (being under 1 : 20) and thus brings it to a high degree of efficiency 
which can stand comparison with those of the chemical and electrochemical 
methods now in vogue. The nitrogen thus fixed will be in organic combina- 
tion and, being also readily available, will be very much more valuable than 
the inorganio forms that are now being manufactured. 

The success of the now method of fixation would naturally depend on the 
availability of cheap sources of organic carbon and on the effidenoy of con- 
version of the available forms into organic acids. Among the raw materials, 
molasses is one of the most abundant and is, at present, cheaply available. 
The oonditiona for the fermentation of molasses have already been standard- 
ised, rate of air supply being the most important factor. Under favourable 
oonditiona, 80-90 per cent of the total organic oatbon can ikm be converted 
into acids. The other sources of organic carbon would indudfif the various 
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types of plant residues which can also be fermented, under similar conditions, 
to yield organic adds. Further work is needed, however, to standardise 
the conditions for the concentration of the acid products and their supply in 
a dry, non-hygroscopjc form to the consumers. Work in this direction is in 
progress. 

The nature of the components that are utilised in the fixation by the 
mixed flora of the soil is still obscure. It would be of considerable interest 
to determine the rates at which the different organic acids are being used up. 
The available evidence would suggest that lactic acid is being most readily 
utilised, but direct experiments with that acid, both in the free condition 
and as the calcium salt, would be needed before any conclusion can be drawn. 
There are also other components, organic as well as inorganic, which may 
play an important part in the fixation. Further studies on the mechanism 
of the related changes will not only throw more light on the problem but may 
also suggest new means of increasing the efficiency of fixation. 

It has already been shown that tlu^ fixed nitrogen is readily available. 
Further work is, nevertlieless, neodtHl to del/ennine whether it is available, 
with the same facility, to all types of crops and under different soil and cjlimatic 
(jonditions. Vegetation exiwimeuts with the different tyf)eH of crops are 
already in progress and it is hoped that, liefore long, it will |> 0 Hsiblft to throw 
some further light on this aspect of the problem. 


Summary. 

Decomposition of sugars by even heavy inocula of Azotohacter proceeds 
comparatively slowly. After tlie sugar is entirely used up, there is very little 
growth of the organism : nor is there appreciable fixation of nitrogeiy The 
residual organic matter is decomposed by the organism, but is not utilized in 
the fixation. These observations are supported by plate counts and the study 
of the distribution of organic carbon and nitrogen. 

On the other hand, the mixed flora of the soil (though comparatively small 
in numl>er to begin with) decompose the sugar at a very rapid rate, the entire 
quantity being destroyed in under 4 days. During this period, there is some 
growth of the organisms, but very little fixation of nitrogen. Between the 
4th and 12th days, the residual matter, consisting chiefly of organic acids, is 
need up not only for the growth of the organisms but also for the fixation. 
These observations would show that the mechanism of fixation of nitrogen 
by Azciobackr is different from that by the mixed flora of the soil. 

Direct experiments with the residue lefr after the decomposition of sugar 
showed that they were utilised by the soil flora in a more efficient maimer 
than the origihal sugar itself. When left by themselves, these organisms 
showed no ability to fix nitrogen. 

it has been shown that the mixed calcium salts of organic acids left after 
anam>bio decomposition of carbohydrates can be utilised in the fixation of 
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nitrogen. These products are decomposed comparatively slowly, but the 
return of nitrogen fixed for carbon utilised (under 1 : 20) is more than three 
times that obtained when the carbohydrate is applied directly to the soil. 

The efficiency of fixation by the mixed calcium salts imder diSerent 
conditions has been studied. It has been found that the maximum fixation 
takes place when the concentrate is applied in quantities corresponding to 
about 2 tons of organic carbon per acre. The nitrogen fixed by this will be 
2 owts. and would correspond to 13*5 owts, of protein, which, in tom, would 
be equivalent to 2*5 tons of a good seed-cake. The presence of sugar or other 
fermentable matter does not appreciably interfere with the fixation by the 
calcium salts. When applied in equivalent quantities, nearly the same amounts 
of nitrogen are fixed in difierent soils. 

The practical significance of the foregoing and other observations and their 
application in field practice are indicated. 
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A NEW ASPECT OF THE MECHANISM OF NITEIFICATION IN SOIL. 


By K. MADHU8TTDANA2J PAKpAiiAi, MM., AJ.O., DepaHmerU of 
Biochemistry, Indian InstittUe of Science, Bangailore. 

(Read at Symposium, August 29-30, 1936.) 

One of the oharaoteristio features about the classical nitrifying bacteria 
is their repugnance to organic substances. Indeed, the presence of more 
than traces of substances such as sugar or peptone entirely inhibits their growth 
and respiration. In apparent contrast to this, nitrification proceeds unimpau*ed 
in soil and sewage where there is a wealth of organic matter of animal and 
vegetable origin. 

The apparent inconsistency in the behaviour of these organisms has been 
explained as being due to one or more of the following : — 

(1) Omeliansky ^ (1899) has shown that, in combination with Bacterium 
ramosm, the nitrite-forming organism can grow, respire and cause the oxidation 
of ammonia even in dilute peptone broth (1 in 20). Ammonia is first produced 
and, after several days, nitrite appears. When in addition to these two 
bacteria, the nitrate former is inoculated in the dilute broth, nitrate is produced, 
but only after a mouth. It appears, therefore, that under conditions such as 
occur in nature, the growth and activity of the nitrite-forming bacteria are not 
interfered with by the presence of organic material. 

Cutler and his associates (c/. Bussell) ^ have recently described a 
number of species of bacteria which can produce nitrite &om ammonia. These 
organisms were first found in the efSuent &om a beet sugar factory, and have 
since been shown to be widely distributed in the soil. They function in 
presence of organic matter and can withstand high acidity (pH 4*8). The 
quantities of ammonia nitrified by these organisms are however very small, 
the maximrun amount of nitrite nitrogen ever formed being only 3*2 parts per 
million. Even this tends to disappear in the later stages of the experiment. 
Under similar conditions, l^iitosomonas can produce much more nitrite (nearly 
a hundred times as much), so that the potential possibilities of the classical 
organisms under the soil conditions cannot be entirely ignored. 

Bariitt ^ (1933) has recently suggested that there is a possibility of the 
nitrifying bacteria being a phase in the life-cycle of heterotrophio organisms. 
This view of Oourse vaguely questions the strict autotrophic character of the 
organisms tacitly assumed by Winogradsky and somewhat rigidly demonstrated 
by other wodcers. Beadily assimilating carbonic acid, the organisms of 
nitrification appear as perfect autotrophs, the various attempts in proving 
them rather to be &oultative heterotrophs having failed entirely. 


(Fubliihed Aprils^, 1987. 
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No conclusive evidence regarding any of the foregoing suggestions is so 
far available. The question of the internal metabolism of the nitrifying 
bacteria has not yet been discussed. The synthesis of sugar and protein 
implies the existence of an enzyme system similai^ to that occurring in the proto- 
plasm of plants. The writer has, however, shown® that the process of nitroso- 
fermentation is essentially a surface catalytic reaction and that there is no 
evidence to show that any one particular enzyme system is active in the process 
of nitrification. 

Bonazzi’ has suggested the possibility of carbon dioxide respiration of 
the autotrophic bacteria to account for nitrification in the absence of free carbon 
dioxide in nitrifying cultures, but sinoe free carbon dioxide is noli essential 
for the process, this is not evidence of katabolism, but in mixed cultures (as 
for example, cultures obtained in soil and sewage) the necessary carbon dioxide 
is obtainable from the normal respiration of the hoterotrophio bacteria and it 
is possible therefore that there is a process of ‘ give and take ^ between the 
organisms of the soil — in other words, some sort of ‘ Chemomixotrophio ' 
metabolism or ‘ symbiosis ’ occurriDg in nature. 

Starkey® observed that the nitrifying bacteria showed increased ability 
to oxidise ammonia in regions of maximum root development. He also found 
that there was close correlation between carbon dioxide production and 
abundance of microbial population. The profuse use of oxygen by the nitri- 
fying bacteria is very well known Jind this, taken with the fact that adsorbed 
or condensed ^>xygen in soil has an unfavourable effect on the ordinary hetoro- 
trophio microflora of soil, points to a far reaching possibility that organisms in 
soil derive mutual benefit from one another in various ways. 

With a view to throwing some light on this aspect of the problem, the 
present enquiry was undertaken. The procedure was to follow the oxidation 
of ammonia in presence of organic matter by the nitroso bacteria when acting 
alone or in conjunction with other organisms involved in the transformation 
of nitrogen in soil, e.g., Bacterium mycoidea, Bacterium migatherium, two very 
important organisms of the ammonifying group, and Azoiobacter chroococcumt 
a very important nitrogen fixing organism. In the case of AzUobacter, 
Barthel and Kellermann and Smith have definitely shown that the bacterial 
oeUs do not nitrify at all, and, as such, cannot produce nitrate in 83mthetio 
media. The experiments were made in purely liquid or soil cultures; 

EXPEiUfMSNTAL. 

The bacterial strains used in this work* were froslily cultured in the 
respective media and incubated until vigorous growth was obtained. At this 
stage the colonies were picked by a stei^e platinum loop and inoculated into 


* I am indebted to Messrs. S. C. HUai and T. K, Bhaskaran of these laboratories 
tUroui^ whose courtesy I got the strains of iSocter^ myootete# end Azotobaot^ respectively 
and to whom toy sincere thanks are due. 
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sterile water until a very strong suspension was obtained. This was carefully 
aerated with the necessary precautions and portions of this active suspension 
used for the experiments. 

The Omeliansky medium was used as the source of ammonia for the 
organisms. Magnesium carbonate (2 per cent) was added to the medium 
except in cases wlien ammonium carbonate was substituted for the sulphate. 
An actively nitrifying culture of the nitroso organism was employed for these 
experiments. The study of nitrification consisted in following the oourso of 
the reaction by the Grioss-Ilosvay colorimetric method and in certain oases 
by the method evolved by the writer The cultures were incubated at 30"^ 
and the nitrite formed was estimated from time to time. 


I. Nitrification of Omdiamky solution using mixed flora of soil iis inoculu7n 
and the infl/aence of glucose on the oxidation of ammonia. 

Fresh garden soil was used as the source of the mixed llora. Aliquots 
(50 c.c.) of Omeliansky medium were placed in several 250 c.c. Erlenmeyer 
flasks plugged with cotton wool and magnesium carbonate (separately steri- 
lised ; Ig.) was added to each flask. Various concentrations of sterile glucjose 
solution were added to several of the flasks followed by 5 c.c. portions of a 
suspension of fresh soil in distilled wa-ter. The volume of liquid in each flask 
was finally l)rought up to lOO c.c. by addition of requisite (|uantities of sterile 
water. Duplicates were run in all the cases and control cultures without 
treatment were also kept. Table 1 gives the results of these ex|ieriments, 
and Table I I those of a study of the action of glucose oti nitrification by a pure 
culture of the nitroso organism. 

A comparison of the two sots of results will show that while glucose is 
toxic to the organisms oxidising ammonia to nitrite (vide Table II) when mixed 
flora of the soil are used instead of the pure culture, nitrification can go on 
even in presonce of glucose so long as the concentrations are fairly low. 

Tabi.e f, 

Infiucncii of tjlucmc mi nitrificatixni f/y /ftK tnixad flora of the soU. 

NitriU* aitrogoa (in mg.) ibrmeci Jifej*©, 


UayH ol' 
inoubatiou.; 


Coacoatratioti of gluoouo (per tioafc). 


0 

0-035 

005 

0076 

01 

0-3 

,Tracso 

Trace 

Trace 

Trace 

Trace 

Trace 


4-0 

4-0 



NU 

13-7 

15-7 

11-9 

»» 



29-4 

80-0 

38*4 

7*9 

5-8 

•t 

43-0 

68-7 

48-7 

28-0 

hVS 


05-9 

8S-9 

70-0 

88-0 

20-0 
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Tablb IX. 

hufitumc^ of gluooot on nitrification hy the nitroao bacteria. 


Bays of 
incul^tion. 

Nitrite nitrogen (in mg.) formed per litre. 

Oonoentration of glucose (per cent). 

0 

0-025 

0-06 

0-076 

0-1 

1 0*2 

0 

2-0 

2-0 

2*0 

2-0 

2*0 

2-0 

7 

12-8 

2-0 

2-0 

Trace 

Nil 

Nil 

14 

24-9 

1-0 

2-0 

f» 



21 

49-0 

5-5 

tr 

p> 



28 

66-0 

7-6 

,, 

ft 

yf 

ff 

40 

87-0 

13-0 

Trace 


ff 




♦ *» (no ^lueoff) 

« B.mycoid€if > g/ucoxf 
*■ tt /no gfucojtof 



»■ ■■■■■ w A^/^roJfomo/itf Jt a/(»n« 

^ M + ffuowm 0*/t4 

40 4tycM'4/«f o** ^#WoA«e/«r a/wni 
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X 



0—0 *1 ♦ ♦ 


♦ etion* 

Nttros^mona* tf/Mi# 

«i + S.mYC0id€$ 

ft * ^iue6s€ 


II, Nitrijicatwn of Otneliamky medium by nitroso fnirteria in presence 
of organic maiter and the effect of mixed inoctdedions of the nitroso 
ferment with Bacterium mycoidea, Bacterium megatherium, and 
Aaotobacter chroococoum respexMvely. 

(1) The methoda of culturing and study were exactly as detailed 

above. Thick b&cterial suspension (2 c.c.) wa« used for inoculation in each 
case. The results are represented in Fig. I. The concentration of glucose 
need was O-l per cent. It is known that nitriftcjatiou is inhibited by a glucose 
concentration of 0*025 to 0*05 per cent and completely checked by glucose 
oonoentration of 0*2 per cent in pure cultures. 
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These results show that whenever Nitrosomoms was acoompatiied by 
other strains of organisms, glucose did not depress nitrification ; on the other 
hand, in several cases, nitrification was enlianoed. Pig. II represents the re- 
sults of a similar study in soil cultures. 100 gram portions of a local specimen 
of soil (powdered to pass through a 30 mesh sieve) were employed for each 
culture together with I to 2 gras, of calcium carbonate. The samples were 
sterlized and 20 c.c. of sterile Omeliansky medium added to each culture. 
They were then inoculated with the different organisms, the details of procedure 
being the same as outlined above. The results show that there is very striking 
parallelism between nitrification as obtained in liquid cultures and that in soil 
cultures. 

There was no nitrification when BacUHnm mycoi^leM or AzotobacMr was 
inoculated into soil cultures in the absence of nitrite formers. 

(It) Humic acid , — Since humic acid is one of the most important soil 
constituents, it was considered desirable to study nitrification by mixed 
cultures in presence of this substance. Humic acid used in tliis study was 
prepared according to Burk el al The requisite quantity was weighed into 
each culture flask and sterilised and then sterile madia added. The results 
are given in Table III. 

The nitrifiers used in these experiments were very active. It may be 
added that natural humic acid (freshly prepared) and a specimen of humic acid 
from Messrs. E. Merck (Dramstadt) exhibited no fundamental difference in 
their influence on nitrification. The natural product showed a higher nitri- 
fication in all the oases. 

It may be seen that at very low concentration (0*025 per cent) humic 
acid stimulates nitrification. As the concentration increases, there is a steady 
fall in efficiency until, at about 0 5 per cent, there is practically no nitrifica- 
tion. 

When Azotobacler chroococcum or B. mycmdes is combined with the nitri- 
fying organism, a different type of result is obtained. There is no stimulation 
at low concentrations of humic acid, but the adverse effect of the higher 
concentrations is not so pronounced as when the nitrifying organism functions 
alone. 

(Ill) Peptone , — Increasing concentrations of peptone retard nitrifica- 
tion. There is marked depression at 0*25 per cent while at 1 per cent there 
is no nitrification for over 6 weeks. Results are given in Table IV. The 
ad verse effect is not appreciably removed by combining the nitrifying organism 
with Bacterium mycoides, but there is slight improvement in presence of 
Azotobacter c/iroococcaw. 

No nitrification was observed in cultures inoculated with B, mycoides 
or Azotobacter alone into sterile medium with and without peptone. 

Preliminary experiments have shown tliat in the ptesenoe of very dilute 
solutions of nutrient broth nitrification takes place when inocula^ with a 
combination of the nitrifying bacteria with B. mycoides or Azotdbacter, 
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Table IV. 
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Dtscitssion. 

The most striking observation that arises from the present enquiry is 
that the nitrifying organisms, which, by themselves, are strict autotrophs 
can, under certain conditions, not only tolerate organic matter but also function 
actively in its presence. This apparently inconsistent behaviour is due to the 
presence of the other organisms of the soil. 

The manner in which the individual organisms that were experimented 
with, or the combined flora of the soil, facilitate nitrification cannot yet be 
(idequately explained. It may be pointed out, however, that the commoner 
saphroph 3 d.e 8 destroy sugars and other forms of fermentable organic matter, 
so that, by removing such undesirable constituents, they would l>e indirectly 
assisting the nitrif 3 rmg organisms. 

It hag been observed that nitrification is stimulated by similar organisms 
even in presence of sugar. Although the available data are insufficient to 
explain this phenomenon, it may yet be observed that the classical nitrifying 
organisms are more potent in the soil than their behaviour in pure cultures 
would suggest. 

Peptone inhibits nitrification, but its adverse effect may not persist long 
in the soil. It undergoes rapid ammonifi cation by the other organisms of the 
soil and thus indirectly provides material for further nitrification. 

Further work is required to elucidate the precise manner in which the 
interfering organic substances are destroyed by the^ mixed flora of the soil ; 
whether the immediate products of decomposition are so inimical to nitrifi. 
cation as the original substances. Information is also needed regarding the 
nature of the relation between nitrifiers and the other organisms of the soil ; 
as to how the latter stimulate nitrification, especially in presence of organic 
substances. These and allied problems are under investigation and will form 
the subjects of later oomraunioations. 

Stjmmaby. 

(1) Nitrification by NUwsomoTiaa is inhibited" by even very low concen- 
trations (0’025 per cent) of gluciose. On the other hand, in presence of the 
mixed flora of the soil, nitrifloation proceeds even at much higher concentra- 
tions <0*1 per cent) of sugar. 

(2) When combined with B. mycoide3, B. meffcUherium or Azotobacter 
ckivoixtccumj NUrommmae functions actively even in presence of sugar. In 
some cases, the nitrification proceeded even to a greater extent than in pre- 
sence of N^osceaoi^ alone. 

(3) When present in more than minute quantities, humic acid does not 
interf^ with nitrification. Peptone has an adverse effect at 3fenoentrations 
of 0*25 per cent and above. In both the coses, the inhibitory action is miti- 
gated by the presence of other organisms in association with NU^^o$om(mas, 
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(4) The medianiam of the related processes has been disouBBed. Evidence 
has been adduced to show that Nitrosomfynas and the other organisms of the 
soil function in close association. Fermentable organic matter is rapidly 
destroyed by the saphrophytes of the soil thus leaving the conditions favourable 
to nitrification. The presence of the other organisms also helps the nitrifiers 
to tolerate certain forms of organic matter commonly present in the soil. 

My sincere thanks are due to Prof. V. Subrahmanyan for his very kind 
interest in this work and helpful criticism. 

KlCrBHBNOISS. 

1. Omeliarisky, V, L., Centralbl, fur, Bakl,t Abt. 2, Vol. 5, p, 473, (1899). 

2. Kusaolh E. J ., " 8uil Couditiona and plant growth \ 1934. 

3. Cutler, D. W. and Mukherji, B. K., Proc, Hoy, Hoc. (London), Vol, BIOS, f). 384^ 

(1931). 

4. (Xitler, D, W. and Crump, L. M., ‘ Frobleraa in Soil Microbiology % 192r>, p. 2(4. 

5. Barritt, N. W., Ann, Appl, Biol.f Vol. 20 * p. 182, (1933). 

6. Copala Rao, U. and Pandalai, K. M., Archiv, fur Mikrohwl.^ Vol. 7, p. 32, (19.36). 

7. Bonazzi, A., J, Huct., 1921, Vol. 6, p. 479 ; 1923, Vol. 8, p. 343. 

8. Starkey, R. L., Soil Science, Vol. 32. p. 386, (1031). 

9. Barthel, C. and BongHtseon, N., Proc, Internal, Oongr, Soil Sci„ Vol. 3, p. 204, (1927). 

10. Kellermonn, K. F. and Smith, N. R., CcfUralbl. fur, Bakt., Abt. 2, Vol. 40 , p. 479, 

(1914). 

11. Pondalai, K. M., Proc, I^at, Inat, Sci. (India), Vol. 2, 1936. 

12. Burk, D., Soil Science^ Vol. 33, p. 416, (1932). 



NITROGEN STATUS OF INDIAN SOILS. 


By T. fj. Mikohanuani, AgricMUmal Chmiist, Bifuir. 

{Rmd at Rympom uw , A u^riM 29~H0^ WHii.) 

The nitrogen cjontent of most Indian soik varies from 0*0/J to 0*07 per 
oent as against 0*10 to 0*17 per cent of Eurojjean and American soils. This 
low level of nitrogen reflects itself in the yield of our staple crops. The nitrogen 
in the soil exists almost entirely in a combined form and the problem of nitrogen 
is therefore intimately connected with the organic matter of the soil. The 
study of the problem divides itself into three main divisions : (1) Increasing the 
store of nitrogen by a system of rotation of crops, by the addition of nitrogen- 
ous fertilisers or by fixation ; (2) the prevention of loss of nitrogen, and (3) utili- 
sation of nitrogen by the crops. In fact, any system of land husbandry 
that has not as its aim these throe objects in view is bound to fail. 

1. Increming the store of 7dtroyen . — ^A leguminous croj) fixes the atmos- 
pheric nitrogen in addition to tht^ supply of organic matter to the soil. Where 
this cannot be done, the land is usually fallowed, but this system has only 
a limited value because there is no addition of organic matter but only a small 
increase of nitrogen. Where neither of these processes are adopted the land 
is likely to deteriorate in its fertility unless heavily manured from time to time. 
Under irrigated condition the intensity of cropping can be as high as 80%, 
thus allowing no time for fallow. In such systems green manuring is an 
absolute necessity, especially when the supply of F.Y.M. is limited. 

It is now generally accepted that for Indian soils at least the addition 
of inorganic nitrogenous fertilisers alone is not desirable, oven though such 
treatment of the soil may immediately show an increased crop retxim. (Jon- 
tiiiued application of artificial fertilisers has a deleterious effect on the soil 
and, as has been more recently shown, on the quality of the crops. The 
Department of Agriculture in Bihar, as I expect in many other parts of India, 
does not recommend artificials, except in combination with organic manures. 
When there is sufficient carbon, especially in the form of easily decomposing 
substances, the organisms thriving on their energy materials utilise all the 
nitrogen they get from the soil and fix some from the atmosphere/ T?Be 
utility of the organic fertilkors is therefore enhanced by the fact that they 
serve as a means to obtain nitrogen from the atmosphere. One instance of 
this may be meritioned here. Molasses, which is a waste product of the sugar 
industry, contains" (h3“0’6 per mtit nitrogen and over 20% carbon. The 
sugar content is 45-60 |)er cent. When quantities varying from 250 mds. 
to 1,000 mds. per acre are added to the soil imder laboratory conditions, 
theife is found to be an increase in the total nitrogen content of the soil, 
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which in more than the nitrogen supplied by the molasses. Table 1 illus- 
trates this. 


Tablk 1. 


Nitrogen in milUgrammefH pe.r lOO gramme^t oj mil. 




One 

Two 

Throft 

Four 


Original. 

month 

monthK 

montbN 

months 


incubation. 

incubation. 

incubation. 

incubation. 

8oil Hloiie 

72*8 

73-7 

66*4 

620 

66*3 

„ pluB 1% molaH»©8 

77-2 

77*6 

88*5 

66*0 

64*8 

M M 3% ,. 

86*0 

86-7 

90*0 

70*0 

66*3 

M „ 4% „ 

90-4 

92-6 

99*4 

82*0 

69*1 

.. .. 5% 

»4»8 

94-2 

94*2 

86*1 

71*9 


Note. — 1% molasses corresponds to 250 mds. per acre and inc;re aae 
of 1 mgm, per logins, of soil equals 20 lbs. of nitrogen per acre. 

Thoxigh the increase of 4-9 mgms. per 100 gms. of soil is definite in two 
month H, the subsequent loss should be noted and an attempt made to prevent 
it. The reason for this loss is not far to seek. Experiments at labour have 
shown that on incubation, the oxidation of carbon in the molasses amounts 
to nearly 60% of carbon, which escapes as carbon dioxide in 30 days. As 
soon as the carbon is lost, there is nothing to hold the nitrogen back. But 
if the crops were growing on the land, the nitrogen will be utilised and not 
lost, (ireat care is therefore necessary to arrive at an optimum period when 
the molasses should be incorporated in the soil, prior to putting the land to 
crop. If the period is too short, a state of nitrogen starvation would be 
experienced by the growing plant as all the available nitrogen would bo locked 
up by the soil micro-organisms ; on the other hand, if the period is too long, the 
dapger of nitrogen loss exists. A period of 4-8 weeks appears to be the 
optimum jwiod. It may happen that the period recommended may in 
some instances, practical difficulties in farming, in which case it may be 
worthwhile ploughing in, after about one month, a less easily decomposing 
material such as straw to hold the nitrogen back. The nature and amount 
of this material must depend upon the period that the molasses has to remain 
in the soil, before the crop is put in. Experiments on this point are being 
(jarried out by me at Sabour, 

What is true of molasses holds equally true for other organic manures. 
Another very useful manure is the habitation manure. In trying out the Indore 
process of compost making in some of our trials, we composted sugar-cane 
trash and other farm residues with soil and got a perfectly good manure, giving 
a nitrogen content of 0'9 to 1*8%, depending upon the nature of the starting 
material, the highest nitrogen content having been obtained when sugar-cane 
trash alone was used. The crop tests on wheat and maize in the pots showed 
that this manure can be used with advantage. Table 2 illustrates this. 
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Tabi.k 2. 


Yield of grain 

and Mraw in 

gnie. 

per pot. 



Wheat. 


Maize, 



Grain. Straw. 

Grain. 

Straw. 

Control 

43-69 

r>6*7 

18*0 

23*0 

F.Y.M. (40 lbs. N. per acre) 
Habitation manure ( 40 Ibn . 

42*70 

42*4 

31*81 

28*4 

N. i>er acre) 

61*01 

61*0 

27*47 

20-9 


The reeidual value of this mamire after the wheat crop is being investi- 
gated. This offers a cheap and good substitute for orgajuo manures as it is 
only the waste products that are utilised in the preparation of this manure. 

Oil cakes are also useful but their utility is limited by the fact that they 
leave very little humus in the soil. 

2. Prevention of loss of nitrogen . — ^Nitrogen can either be lost as frcse 
nitrogen from the soil, as a result of denitrification, or as soluble nitrogen com- 
pounds in drainage. There is also a possibility of nitrogen loss as ammonia. 
The first and last processes are experienced only under few or specialised 
conditions and the loss is usually not considerable. There is, however, a largo 
amount of nitrogen lost by drainage, if care is not taken in the methods of 
farming. One of the main causes of the loss is that the nitrogen gets too 
easily nitrified in the season when the crop on the land cannot utilise it fully, 
and it may be completely lost in drainage water. In one experiment, I found 
that the yield of the wheat crop was lower in the green manured plot 
than in the unmanured one. It looked paradoxical but subsequent in- 
vestigation showed that the green crop (vetches) decomposed far too quickly, 
with the inevitable Joss of nitrogen as nitrates. The extant of loss was 
measured and successful experiments done to prevent loss of nitrogen, by 
incorporating a cellulosic material like wheat straw to hold the nitrogen 
back. The results aie shown below : — 

Tabws 3. 

Nitrogen {milligrarmms) per pot 
removed hg Uackit^g, 

Soil alone .. .. •• 71*6 

„ phis green manure <li**** 

„ plus straw .. .. 46*4 

It is desirable therefore to study in detail the nature of the manure that 
is applied to the soil. In the case of green crop, the age and season have 
a peat deal to do with the rate of decomposition, the younger plants decom- 
posing much quioker than older ones and the whole thing being greatly in- 
fiuenoed by the mddsture and aeration in the Soil. The same thing holds for 
oth^ tjqpes of oxgall 

3/ UtiUaaiim (^ nitrogen. — ^The final arbitrator of the value of the 
nitrogen is the plant and our present knowledge is that it t^es up nitrates 
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most easily and ammonia in certain oases. It has also been suggested that 
the plant utilises simple forms of amino compounds, but the experimental 
evidence is by no means conclusive. The question of availability of nitrogen 
needs to bo kept in the forefront, in considering the nitrogen status of Indian 
soils. 

The decomposition of organic matter is the necessary preliminary to the 
release of plant nutrients in the soil, particularly nitrogen. It is now possible 
to give a quantitative measure of the effect of varying 0 : N ratio of organic 
manures on the course of tlieir decomposition. The narrower the ratio, 
the quicker would be the decomposition. In many of my experiments a 
close relationship existed between tlie rate of decomposition and the C ; N 
ratio of the decomposing material and it was possible to regulate the course 
of decomposition by artificially altering the C : N ratio of the substance. Two 
instances are quoted below. Activated sludge having C : N of 12 was used 
as a manure in pots and in the laboratory to study the rate of nitrification. 
To this was added varying quantities of cellulosic material to slow down its 
decomposition. The nitrogen level of the individual substance as well as the 
mixtures was kept the same, i.e. 5 mgms. of nitrogen per 100 gras, of soil. 
On the other hand, mustard plant, having a C : N of 26 and therefore very 
slow to decompose, was treated with small quantities of dried bloody keeping 
the nitrogen level the same, i.e. only altering the carbon level. The results 
are shown in the following table. 

Table 4. 

Animonia mid nUrate ni^ogen in rngum, 'ptr 100 gim, of ftolL 



A. 

2 weeks. 

4 weeks. 

7 weeks. 

9 weeks. 

14 weeks. 

1. 

Soil alone 

1 14 

1-73 

0*93 

1*30 

1*30 

2. 

3, 

plvifl Blucige 
Soil plus sludge 

2-26 

2-00 

2*43 

2*40 

3*08 


plus 5% N. 08 
straw 

0'70 

0*80 

on 

0*70 

1*09 

4. 

Soil plus sludge 







plus 20% N. a« 
straw 

0*44 

0*17 

0*11 

Oil 

0*12 


B. 

1 week. 

3 weeks. 

8 weeks. 

18 weeks. 

26 weeks. 34 weeks. 

1. 

Soil alone 

1*89 

2*34 

2*49 

3*01 

4*00 3*52 

2, 

3. 

„ plus mustard 

1-02 

0*99 

207 

2*98 

4*67 4*88 

♦» >> 
plus dried blood 

1-34 

2*18 

3*03 

4*70 

6-27 ' 7*33 


In the case of sludge, the nitrogen is almost completely rendered un- 
available when 20% of its nitrogen is replaced by straw giving the same 
quantity of nitre^en. in the case of mustard the quiokening of the decom- 
position is evident from the data. Another interesting thing that emerges 
frqm the figures is that after nearly six months the nitrogen of the mustard 
is higher than that of the control an observation which lends support to the 
view that the nitrogen, locked up by the soil micro-organisms, is reiew 
when the carbon and nitrogen have reached an *equilibrium. .^ter this there 
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would be a eonstant supply of available nitrogen for the plant. This was 
confirmed by the x)ot experiments. 

Similar results were obtained when F.Y.M. was treated with straw and 
with dried blood to widen and narrow down respectively its 0 ; N ratio. 

The availability of nitrogen from organic manure is depcmdent upon the 
level of carbon existing along with it. It is necessary to stress this point, 
so that the value of the organic matter as a sourcje of nitrogen should be as* 
sessed in its proper perspective. It is admittedly true, and my experiments 
have confirmed it, that the form in which carbon exists has a great deal to do 
with its power of regulating the nitrogen availability from a manure, but 
total carbon gives an approximate measure, in many instances a correct 
measure, of its effect on the decomposition of the organic matter. 

A passing reference may be made to the importance of the time when 
nitrogen is available for the growing plant. From the manures having a wide 
C : N, the nitrogen would be available rather late and this would explain the 
failure of certain organic manures to give increased yields. If the availability 
is long delayed, the crop would not derive any l)enefit from such organic manure, 
in fact a state of nitrogen deficiency would be set up ; but the nitrogen made 
available about the flowering time of cereal crops goos^to increase the protein 
content of the grain. Regulated nitrification thus provides a means of either 
increasing the yield or improving the quality of grain crops. This has been 
found to be correct in some of my experiments. Further work is in progress. 

Sumifmry , — The nitrogen level of Indian soils is low and it is essential to 
conserve, increase and profitably utilise the nitrogen of the soil. Addition 
of green manures, organic manures and the proper understanding of the 
mechanism of the decomposition of the organic matter to prevent losses and 
to utilise the nitrogen to best advanf>age, i.e. improving the yield and quality 
of crops are suggested so that further deterioration may not take place in the 
level of soil fertility. 




A NOTE ON THE NITROGEN SUPPLY OF RICE SOILS* 

By P, K. Da, AgncuUural ChemiMry Section ^ Dacca University, 

{Read at Symposium, August 29-SO, 19S6,) 

It is the experience of every cultivator of Bengal that, even in absence 
of any manure, rice can grow in the same field year after year, without causing 
any depletion in the fertility of the soils. Howard (1924) stated that in Bengal 
and in Burma large rice crops have been grown on the same land year after 
year for centuries, yet no change in the fertility of the soils has been observed. 
So far as the supplies of nutrients like phosphate, potash, etc. are concerned, 
crops may find them in the soils in amounts to meet their requirements over 
long periods. But as regards nitrogen, the supply of this element in the soil 
is relatively poor specially in Indian soils. It, therefore, becomes a matter 
of surprise how rice could get the large supply of nitrogen that was required 
for its growth over centuries. It suggests itself that atmospheric nitrogen is 
rendered available to the plant by some natural process. This (lan be done 
in two different ways : nitrogen may he fixed in the soils by some non-symbiotic 
processes and subsequently made available to the plants, or the plants them- 
selves may assimilate atmospheric nitrogen, like legumes. At present wo do 
not know of any plant other than legumes, which has been dofinilely shown 
to possess the power of assimilating elementary nitrogen, though several 
workers have claimed to have been able to grow some non-legumes in absence 
of nitrogen. Rice never suffers from nitrogen deficiency, and the possibility of 
the fixation of nitrogen by this crop deserves very careful examination. In 
this connection it is noteworthy that Son (1929) has demonstrated the oci- 
currenoe of a nitrogen-fixing organism within the rice root, while Viswanath 
(1932) obtained indications that rice may assimilate atmospheric nitrogen. 

A detailed investigation on the nitrogen supply of rice was started in this 
laboratory in 1931. It is not possible to give within the scope of this note a 
complete account of the results obtained so far and the details of experiments 
or of the references relating to different subjects. A brief account of the more 
important results and the conclusions they led to has been given in this note. 

FisxUion of nitrogm in the rice soils under water-logged conditions f 

The abundant growth of alg» in the submerged rice soils and the claims 
that certain alg» are capable of fixing atmospheric nitrogen, either indepen- 
dently or working m symbiosis with the nitrogen-fixing bacteria, suggest that 
some fixation may take place during the period the soil remains water-logged. 

1 A paper emhedying the mmlta of this investigation hae been communicated for 
puyiestlon in the Jndian Joumai of Agrietdfural Soienoe. 

VOL. 2. [Fubliahed AprU ^ 
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As a result of extensive experiment's, it is now definitely known that nitrogen 
is fixed in the rice soils during the period of water-logging. The results in 
Tabic 1 show that soils slightly alkaline in reaction fix much more nitrogen 
than those with lower Pn- In the former soils, abundant growth of algso 
took place but in the latter the growth was much poorer. The addition of 
cahnum carl)onate to the latter soils, however, stimulated both algal growth 
and nitrogen-fixation (Table 2). 

Tabi.k 1. 

FiJCAtiion of nHro^€n under wafer -hKjfjed < ondifionfi. 


of' tltc Hoil. 

N fixed, p.p.iu. 

H-2 

w,,l 

xn 

O*'* 

8-] 

.>»iC 

27r> 

7-7 

112 

70 

98 

r>i 

79 

4-9 

41 

4- 9 

l\ 


Taiimc 2. 

Effect of CaCOfj on the fixation of n'iirogen , 
N lixod, UH p.p.ra. 


Ph 

Without lime. 

With limo. 

4-9 

41 

116 

4-9 

11 

142 

1V2 

149 

205 

rvl 

79 

138 


It has been shown that the fixation of nitrogen in the water-logged soils 
is not a haoterial process hut an algal one. But the fact whether algaa them- 
selves fix nitrogen or whether they do so in symbiosis with other organisms 
remains undetermined for the present. The following species of algep were 
identified by Professor F. E. Fritsoh» F.R.S., from the nitrogen-fixing cultures 
isolated from Faridpur soil : — Plectonerm notutum Schmidlo, Phormidium orien- 
iaUy Anahmui ttphmrica and an undeterminable green unicellular alga. 

Fixation of nitro^n in ike. rice soils under dry conditions. 

During the few winter months, the condition of the soils both as regards 
temperature and moisture are eminently suitable for the growth of Azotobacter 
and other aerobic nitrogen-fixing bacteria. Some fixation of nitrogen may^ 
therefore, take place during this period. Experiments, however, showed 
that althougli fixation of nitrogen took place in some of the soils, yet by no 
means can it be regarded to lAvas general as the fixation imder water-logged 
cor|ditions. There wore even losses of nitrogen from some soils, specially 
A'hen they were treated with straw. The most interesting result in this connec- 
tion is that considerable fixation was observed in some soils ^Mch did not 
contain Azotobacter, This led to a search for new nitrogen-fix^ organisms 
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in the rice soils and as a result four different species of organisms (probably 
belonging to the genus Azotohdcier) were isolated in pure (conditions. These 
organisms were characterised by their shjw growth in the nitrogen free mannite 
medium, large slime formation, rujii-motility and the absence of pigment 
formation. 

Fixalimi of nitrogen by the rice, plant. 

Rice plants were grown on purified san:l in glazed pots watered with a 
nitrogen-free nutTient solution. Though the plants were never so healthy 
as in the fields, yet they grew up to maturitv with tillers and grain formation. 
A carefully prepared nitrogen balance-sheet showed cousidorable iiKcrease of 
this element (Table 3). The experiment was repeated in the following year 
and the pi^evious observation (confirmed (Table 4) : - 

Tatu.k ‘A. 

iSttfifl CAiliure expcrinirntft on the groivtli of rice Oi ah/n-ncr of 

combined nitritifc.n. (19*13). 

N aw mgin. 


Pot 

Treatment 

3’<jtftl N 
at start ' 
in sand 
and in 
seeds 
sown 

N in 
sand 

after the 
expori- I 
menl/ ] 

Nitrogen in ihn tn’op 

1 

Total 
nitrogen 
?•()(' o’vxmid 

Grain 

Straw 

Root 

(irrain 

1 

j 

Unoropped 

1185 

120-4 

• •• 

• •• 


120*4 

1*9 

2 

Cropped 

119*8 

139*5 

12 

7*6 

20*4 

179*5 

59*7 

3 

,, 

119*8 1 

114*6 

16*9 

11*3 

17*4 

160*2 

33*7 

4 

99 

119*8 ! 

116*8 

2.0*2 

10*8 

10*3 

158-1 

31.3 


Taulk 4. (1034). 


1 

Uncropped 

Cropped 

114*6 

118*5 

••• 

1 

•'* 

118*5 

3*9 

3 

114*6 

119*6 

«•* 



ne-o 

4*3 

3 

Jl«-3 

I07-0 

24*8 

8*7 

15*5 

156*0 

39*7 

4 

U6*a 

110*8 

22*7 

6*9 

15*0 

155*4 

31*1 

5 


116*3 , 

105*1 

16*9 

7*0 

14*1 

143*1 

26-1 

6 


129*8*! 

109*9 

18*4 

5*6 

10*8 

144*7 

14*9 

7 

- 

129-8* 

114*6 

44*8 

12*5 

23*7 

195*6 

i 

65*8 


In both sets of experiments, the nitrogen in the sand afer the ex|)erimont 
remained practically unchanged. This indicated that the imereaso is due to 
the plants themselves. To ascertain whether the plants ('^ui assimilate ele- 
mentary nitrogen without tiie help of other organisms, sterilised seeds were 
sown over pure quartz sand in wide test tubes, watered with sterile nitrogen- 
free nutrient solution, and constantly aerated with air passing through a number 
of sterile cotton plugs. The plants did not grow well under these conditions and 
their nitrogen contents were not significantly greater than those added with 


* Treated witli J3‘5 mgm. of N adiM ad KNO# . 
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seeds. This suggests the inability on the part of the rioe plant to assimilate 
nitrogen directly. In an attempt to discover whether there is a symbiotic 
relation between rice plants and any other nitrogen^fixing organism, it was 
observed that one or more nitrogen-fixing organisms exist within rice leaves. 
Small pieces of ri(!e leaves were inoculated into a nitrogen-free cane sugar 
solution containing the necessary minerals. Growth took place and the deter- 
mination of nitrogen after 3 weeks showed au average fixation of 2 mg. of 
nitrogen. A large number of leaves were examined in different periods of 
growth, in different seasons and firorn different localities. Fixation took 
place in every ease. This shows that those organisms are the normal inhabi- 
tants of rice leaves and not contaminants or occasionals. Growth was ob- 
served also on silica plate inpregnated with cane sugar mineral solution, when 
inoculated with small pieces of rice leaves. 


Tablk 6. 

Mgm. of nitrogen fiancd in 100 c.c, of th-e medium wfien itmculaied with weak 
growths of * leaf * bctcteria, 

■98 

. . *84 

*98 Mean 1*12 mg. 

1*26 
1*4 

Load of nitrogen from water ’•logged aoila. 

Investigation on the loss of nitrogen from water-logged soils showed that 
from unmanured soils little nitrogen is lost in the drainage, but from the soils 
treated with different organic manures the loss is considerable. Nitrogen is 
lost from the man\ired soils in the form of ammonia, non-amino nitrogen 
compound and humin nitrogen (nitrogen precipitated with MgO). Though 
a certain amount of nitrogen is lost in the gaseous form, particularly from 
soils of low nitrifying capacity, it is very small in comparison with the heavy 
loss brought about by bio-ohemioal processes. As early as 1913, Harrison 
and Aiyar demonstrated the evolution of elementary nitrogen from water- 
logged soils. No explanation has been given as to how elementary nitrogen 
can be evolved as a result of the decomposition of soil organic matter. The 
present investigation showed that this loss is not due to the decomposition 
of ammonium nitrite (Table 6). But it has been found that the loss takes 
placx) when the oxidation of ammonia begins. Evidences have been obtained 
in support of the following reaction : — 

In normal dry soils the oxidation of ammonia takes place in the foUowing 
way — ^(Corbet, Biochem, J., 1935) : — 


2 NH,+ 04 « 2 NHj 0 H (1) 

NH*0H+0»«N(0H), .(2) 

N(OH),»»HNO*+HgO. 


2 

3 

4 

5 
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In water-logged soils, the supply of oxygen is much limited. The reaction 
(2) therefore takes place in the following way 

4NH20H+02«2N24-6H20 (3) 

Tablic 6. 


DecompOftiUon of ammonium nitrile an ijuaier dogged soils. 


Period of exposure to sun 

Total N at 
start 

N rt>eovorod 
as ammooia 
and nitrites 

Total N 
recovered 

Loss 

24-5.36 to 13-6-36 

19*35 

6*3 ♦ 

18-4K 

*87 


( Quarts flask 
and sterilised). 




Jf »» « 

19*35 

nil 

17*36 

1*99 


(3ena 6ask and 





unsterilised). 




22-6-36 to 4-7-36 

15*96 

5*32* 

14*84 

M2 


(Quartz Hask). 




»» >» ff 

15*96 

3 92* 

15*33 

*63 


(tlena flask). 





In the first soil (Ph 4»9), the amount at start 19*35 mg. includes 5*49 mg. 
of N added as ammonium nitrite (sodium nitrite and ammonium chloride 
in equivalent amount). 

In the second soil (Pn 8*1), 6*37 mg. of N were added as ammonium 
nitrite. 

Rmfbrbnchjs, 

Corbet, A, S. (1935), Biochem, J„ vol 29, p. 1086. 

Harrison, H, K« and Aiyar, V. (1913), Mem, Dept. Agrh. Indian Chom, Ser., voi. 5, No. 1. 
Hovrard, A. (1924), Crop Prmlu'Uion m /ndio, p. Il4. 

Sen, J. N. (1929), Agric. Journ. India, vol. 24, p. 229. 

Viswanath, B. (1932), So?^. Biol. Ohem. India, Ann. Pub. 


* Inoludes a little organic nitrogen as the estimations were made by distilling soil 
with Bevarda^s alloy and magnesium oxide. 





SEWACSIE AS A SOURCE OF NITROGEN SUPPLY TO THE SOIL. 


By V, Subrahmanyan, D.Sc,, FJ,C.j F.N,L, Dejjartment of Biochemistry^ 
hidian Institute of ScieMce, Bangalore. 

(Mead at Symposiutn, August 29^30, 1936.) 

Sewage is one of the most potent sources of nitrogen supply to the soil. 
Its application to land would bo not only an economical method of disposal, 
but also an elegant means of returning to the soil the major part of the ferti- 
lising ingredients originally removed from it in the form of crops. There 
are, no doubt, several problems, agricultural as well as hygienic, connected 
with sewage farming, but these do not justify the enormous waste that is going 
on. It is, indeed, distressing to iind that the major part of the world sewage 
is either thrown away— 'discharged into the rivers or tlio sea — , or, if applied 
to land, managed so imeconomically that the majdmum benefit is rarely ever 
attained. In the latter case, there are the additional dangers of water pol- 
lution, soil sickness and the production of unhealthy crops through profuse 
application of undiluted sewage. In view of these, it has been considered 
desirable to make a critical study of some of the problems relating to sewage 
farming, especially in India, and to suggest means of improvement. 

In many parts of India, only the kitchen waste passes into the sewers, 
while night-soil, which is generally collected by hand, is disposed off separately. 
It is only very rarely that industrial wastes (such as thot^ from dye-house, 
tannery, or brewery) get admixed with sewage so that the special problems 
connected with their application to land do not generally arise. 

The composition of raw sewage is variable, dejwuding on the density of 
population, the nature of the wasl<es that find their way to the sewers, the 
available water supply, the conditions of the sewers and such other factors. 
The following results (Table I) will illustrate the above. 


Tabi.b I, 

Cmiposition of different newages : parts per H)e,000. 


Origia 

Suapeudod | 
solids 

Ammonia - 
cal 

nitrogen 

Albumi* 

noid 

nitrogen 

Oxygen 
absorbed 
in 4 hrs. 

Chlorine 

IruUan. 

Oiwsca* . . . . 

12-5 

5-0 

0*24 

3*6 

0*6 

Bombay (Matmga)* ^ . . 

31-8 

108 

1 62 

7*1 

3*36 

Calcutta (Sibpur)* 

26-S 

017 

0-02 

170 

'Tamflhedpitr* . . . . i 

. . 

1-88 

1*98 

31^3 

3dS 

MadTM^ . ■ . . . . j 

* * 

3*3 

1*26 

7*6 

17*6 


♦ Cited ft<am Swammathim, Jour. Indian Inst. Scl.^ 1020, 12A, 129. 
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Tabws 1 — continued. 


Origin 

SuNjKinded 

solidH 

Amipouia- 

cal 

nitrogen 

Albumi- 

noid 

nitrogen 

Oxygen 
abHorl>ed 
in 4 hrs. 

Chlorine 

English, i 

Saltloy* 

57^7 

4-06 

1-62 

20-3 

18*9 

Reading* . . . , 

34 2 

10-4 

1-48 

H‘8 

10*1 

Sheffield* 

77A 

6-09 

122 

13-9 


Manchester (Davyhulme)* . . 

17-8 

‘>•32 

0-70 

7-2 

10*8 

American. 






Milwaukee* 

26*9 

1-56 

0*89 

12*5 

19*4 

Boston t 

13-6 

M4 

0-91 

5*0 


Chicagof 

141 

0*88 

0*70 

3*8 

4*0 


* C3it43d from Swominathaii, Jowr. Tntimn Inst, /S’ci., 1929, 12A, 139. 
t Citod from Kerahaw, Sewage purification and disposal, 1 926, 


It may be noted that the EngliBh sewage is richer in nitrogenous consti- 
tuents than the average Indian sewage. This is traceable to a number of 
fiictors, the most important of which are (a) the richness of the food consumed 
by, at any rate, a large section of the j)eoplo and (h) inclusion of night-soil 
which is richer in nitrogenous constituents than ordinary kitchen waste. The 
dilute condition of the American sewage is accounted for by the liberal supply 
of water (some times as much as 200 gallons a day per head) in many of their 
cities. 

There is periodical fluctuation in the composition of sewage (raw or 
treated) in any locality depending largely on the time of day or season of the 
year. The followmg observations relating to two imfiortant nitrogenous 
constituents will illustrate the possible extent of variation in one locality. 


Table H. 

Periodic flucittcUions tn the Ammonia ami Albuminoid nitrogen contents of raw sewage^ 
ffcptic tank effluent and A,S, tank effluent : as parts per 100,000 of N. 


Item 

Raw Sewage 

Septic tank 
effiuent 

A.S. tank 
effluent 

Ammonia (free and saline) . . i 

1 -OS 3*26 

1-8-3-8 

0-61-0*76 

Albuminoid nitrogen . . . . 

0*«9-0*89 

1-14-1-S4 

0-12-016 


Th»se %ares relate to the instaUatiou at the Indian Institute of Soienoe* 


The greater concentration is generally observed during tke hot and dry 
months of the year. That also happens to be the season when liberal watering 
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is needed by market garden and other crops wliioh are generally raised on 
sewage. This important fact has to bo taken into account when (lonsidering 
the effect of prolonged appliciation of undiluted sewage on agricidtural crops. 

The changes in composition are not, however, very considerable when 
the samples are collected over only a limited period and the daily collections 
are mixed together prior to application to land. The following observations 
relate to the ofihient from one of the septic tank installations at the Indian 
Institute of Science. 


''Tabt.k III. 


Weakly ehanycft in the compomiion of fteptki tank effluent used for irriyatioti. 
Hfirts per 100,000. 


Weeks 

1 

Total 

Bolidfl 

Chloriuo j 

Ammonia- 
cal N. 

All>iimi* 
iioid N. 

Nitriki 

N. 

Nitrate 

N. 

Total 

N. 

0 

42 (t 

5*7 I 

3-3 

0-6 

0*8 

2*5 

7*4 

1 

45*5 

5*5 

3*2 

0-5 

0-8 

2*4 

7-2 

2 

48 2 

5*6 

2-6 

0*5 

0-7 

2*4 

6*5 

3 

624 ) 

5*7 

2*4 

0*6 

0*7 

2-5 

6-5 

4 

r > 0'4 

5-7 

3-1 

0*4 

0*0 

2*6 

7-5 

Ti 

62*2 

5*6 

2-4 

0-4 

0-2 

3*0 

6*9 

6 

62-4 

5-5 

3*3 

0*5 

0*09 

2-4 

6-5 

7 

48-2 

5*6 

3*2 

0*5 

0*06 

2*7 

6*8 

8 

66-2 

4*6 1 

3 ] 

0*6 

0*00 

2*7 

6*8 

0 

56-8 

5-5 1 

2*2 

0*6 

0*08 

3-2 

6*4 

10 

58-8 

5-7 

2*1 

0*4 

006 

2 -K 

5-8 

M 

61-4 

5*0 

20 

()-6 

0-04 

3-7 

6-6 

12 1 

66-6 

4-3 

1-8 

0-5 

0*02 

2*4 

5*1 

13 ! 

58*4 

5-6 1 

21 

0*6 

0-04 

2*2 

5-2 

14 i 

48-6 

5*4 

2-0 

0*4 

0*06 

2*5 

5*5 

15 

49-2 

5-6 

2*8 

0*6 

0*04 1 

2*3 

6-0 

16 

50*1 

5*4 

2*4 

0*5 

0*04 1 

2-4 

5-9 


On application to land, all types of sewage undergo oxidation, yielding 
first ammonia and then nitrate. The rate of such oxidation is defAjrmined 
by various factors — the nature of the soil, the concentration of sewage, the 
efficiency of the previous treatment, especially in regard to removal of al- 
huminoids, the manner and rate of application to land, cultivation ojierations, 
and such like. It may be stated, in general, that light soils are more efficient 
than heavy ones. I^-treatment, especially that involving aeration, facili- 
tates subsequent oxidation in the soil. Application in small instalments at 
a time and uniform spreading over land leads to quicker transformations than 
heavy or uneven, applications. Cultivation operations improve the rate of 
oxidation. If the applications are heavy and are continued indefinitely, the 
rate of oxidation tends to slacken. Even the best soils turn steadily sewage 
sick. There is multiplication of pathogenic and putre&ctive organisms and the 
soil becomes smelly. In many oases there is fiy and mosquito breeding and the 
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8oil gets infected with bookworm. The standing crops, if any, show the eflPect 
of adverse soil conditions. The plants get diseased and the yield is considerably 
depressed. Such soils are generally inadequately drained and any effluent 
that may pass out becomes a source of pollution to the water supplies in the 
neighbourhood. It would thus be seen that sewage-sick soil is undesirable 
not only from the agricultural point of view, but also from considerations of 
public health. It is extremely important, therefore, that the oxidising efficiency 
of the soil should be maintained and sewage sickness carefully avoided. 

There is fairly extensive literature on the subject of sewage sickness, 
but tbe available biochemical data- are still not sufficient to show the precise 
nature of the agents or the products responsible for the various phenomena 
which have been reported. Furthermore, it is not very clear whether sewage 
sickness is exclusively responsible for the abnormalities observed in the case 
of certain crops which are raised on sewage. Some crops seem to tolerate 
even fairly high concentrations of raw sewage whereas others suffer considerably 
even if moderate quantities are applied. A useful amount of information 
in this direction has been accumulated by a number of workers in different 
parts of the world. Among the Indian stations, particular mention should 
be made of the Haclapsar Farm near Poona and the Sewage Farm at Jamshed- 
pur. The experieiuje of the Poona workers, as also that of ours, ha ve shown 
that it is not desirable to apply sewage (especially in the raw condition) as such 
to the soil. Many agricultural crops show xindesirable effects (though the soil is 
itself not apparently sick), which are traceable to excessive supply of certain 
constituents, especially nitrogen. Suitable dilution of sewage (so as to contain 
between 0*5 and 1*0 of total nitrogen part per 100,000) removed these undesir- 
able effects. Tbis, combined with proper cultivation operations and periodic 
fallowing, should render sewage irrigation suitable for practically all types of 
crops. In our experience, the effiuent from the septic tank has to be diluted 
three to five times if consistently beneficial efi’ect is to be attained. The activ- 
ated sludge effluent is reasonably safe during certain months of the year 
(especially when there are }>erio(iioal rains to effect the necessary dilution), but 
even that has to be diluted with two or three times its volume of water if 
it is to bo freely used in aU seasons of the year and for a variety of crops. 

A few towns in India possess storm water tanks, which are generally 
situated near the Sewage Works, the water of which can be used for suitably 
diluting the sewage used for irrigation. When this facility is not available 
and the soil is of the heavy type, the crops have to be chosen carefully for, 
otherwise, many of them may foil altogether. 

An alternative procedure for controlling the concentration of sewage 
effluent used for irrigation would be that of adopting a suitable system of pre- 
t!^tment which will not only remove the suspended matter but also retain 
a considerable part of the soluble nitrogen in ^he form of sludge. None of 
the present systems of sewage treatment is entirely satiafoo(ory, however, 
from this point of view. The septic tank effluent contains a large amount 
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of the nitrogen in anunoniacal form : albuminoida ammonify in the tank and 
thus increase the ammonia content of the effluent. The activated sludge 
process is highly efficient in holding up allniminoida which are clotted out 
in the form of sludge, but even that cannot retain nitrates and the small 
quantities of ammonia wliich may escape oxidation. The nitrate content of 
the effluent would depend partly on the ammonia content of the original sewage 
and as the average Indian sewage undergoes considerable amount of septic 
action (in the drains) before reaching the final disposal stage, it may be reason- 
ably expected that it will contain considerable quantities of ammonia which 
will nitrify in the activated sludge tank and thus pass into the effluent. The 
other methods of sewage disposal are more or less intermediary in character 
between the septic tank and the activated sludge systems and will discharge a 
portion of the soluble nitrogen (partly as ammonia and partly as nitrate) 
into the effluent. In some cases, other forms of non-protein nitrogen may 
also pass into the effluent. 

It has been shown by Richards and Weekes {Proc. Inst. Civil Eng.^ 1921) 
that if sewage is passed over straw filters, a considerable part of the soluble 
nitrogen is held up by the straw. Straw filters are highly useful in a small 
way, but are rather inconvenient to handle when dealing with large qtiantitiea 
of sewage. Moreover, the straw loses its efficiency after some time and has 
to be replaced by a fresh lot. Furthermore, straw filters will not find favour 
in India because almost every kind of straw fetches a useful price as dry 
fodder for cattle. The experience with straw suggested, however, that there 
may be other oellulosic materials, which are at present going to waste and which 
can be utilised either by themselves or in association with some other system 
of sewage treatment for adsorbing the soluble nitrogen of sewage. Some 
encouraging resulte in this direction have been obtained by Messrs. S, 
Rajagopal and M. S. Muthuawami Iyer in these laboratories who have shown 
that if any powdered, oellulosic material is stirred up with raw sewage and the 
suspension aerated, not only the suspended matter but also the soluble nitrogen 
are taken up by the sludge. The resulting sludge settles down fairly easily 
and, under ordinary cjonditioiis, dries rapidly without giving any offensive 
odour. The modified procedure thus offei*s considerable practical possibi- 
lities and deserves to be tried out on a large scale. 

It is well known that dilution of sewage is of assistance not merely in 
reducing the concentration of nitrogen but also in facilitating biological oxida- 
tions, thus leading to destruction of organic matter which would otherwise 
prove offensive. Ammonia is oxidised to nitrite and nitrate and the quantity 
of albuminoids considerably reduced. These effects are best seen when the 
dilated sewage is run for some distance in open channels prior to application 
to land. The effect of mere dilution is illustrated by the following results 
which were obtained with septic tank effluent at the Institute. The experi- 
ments were oarried out with different proportions of water to effluent, but for 
the sake of oonvenience only one set of results have been cited. 
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Table IV* 


Effect of dilution on nitroffen trarifi/orntationfi in fieptic tank effluent* 
PartB per 100*000* 


Time in 
<lay» 


No Bu.dtion 


DiuTTRD with 5 TTME8 ITS VOLTTME 
OF WATEB 

Aniino- 

Albumi- 

NitriUi 

Nitrat-o 

Aminoni- 

Albnini- 

Nitrite 

Nitrate 


tiara] N. 

noki N. 

N. 

N. 

aeal N. 

noid N. 

N. 

N. 

0 

7*1 

0-8 

00 

0-0 

102 

0*10 

traces 

0*02 

1 

fi-3 

0-7 

I 00 

00 

003 

Oil 

0*02 

0*028 

0 


00 

traces 

0-0 1 

083 

0*08 

O'Of) 

0*033 

3 

6’3 

0*4 

0*00 

00 

on.^ 

0*07 

0-04 

0*030 

4 

6-2 

0*5 

01 

00 

or>() 

0*07 

0*05 

0*060 

r> 

7! 

o-r> 

01 

0-0 

0-38 

007 

0*60 

0*066 

n 

7-1 

0-4 

01 

00 

0-25 

o*or» 

0*72 

0*043 

7 

6*7 ; 

(K\ 

0-07 

00 

0-20 

0*03 

0*70 

0*04 


The above results show only the effect of allowing diluted effluent to stand 
for some time. The oxidation will bo more eompleto and the nitrite converted 
almost entirely into nitrate when the diluted effluent is applied to land. 


Table V. 

Am'^nomfication and Nitrification in soil irrigated with diluted septic tank effluent* 
Nitrogen in parts per 100,000. 


Time in weeks 

Ammoniacal N. 

Nitrite N. 

Nitrate N. 

0 

0*014 

0-00 

0*002 

2 

012 

0*002 

4*1 

4 

O' 97 

0*002 

6*8 

6 

101 

0*003 

6*1 

8 

1'80 

0*003 

7*2 


In the above experimentB dUuted sewage was applied to iincropped soil. 
It may be seen that the ammoniacal nitrogen shows a alight increase. Nitrite 
nitrogen is either absent) or present only in traces. Nitrate nitrogen shows 
a steady increase and is, in faot, the chief product of oxidation of sewage 
in the soil. 

If the diluted sewage is applied to soil under crop, there is very little 
accumulation of nitrate, This observation has been verified by trials with 
a n\imber of crops, but the following results relate to only three of the crops 
whicdi were watered with diluted septic tank effluent. 
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Table VI. 


iMsirihution of nitrogen in mv)aged soil under crop* 
Nitrogen in par la per 100,000. 


Time in 

Soil under Haui 

Soil undbui Dolt- 

0H08 LaBLAB 

Soil under 
Tomato 

weeks 











Ammo- 

niacal 

Nitrite 

Nitrate 

Ammo- 

Tiiaca! 

Ni- 

trite 

Ni- 

trate 

Amn*o- 

niaeal 

Ni- 

trite 

Ni. 

trate 

0 

0-02 

0-01 

0*05 

■ 

/i*02 

0-02 

0-03 

0-06 

001 

0*08 

i! 

0-4 

002 

0*0 

Oi 

0*03 

0-8 

0-9 

0*04 

0*9 

4 

0'6 

0*0*? 

M 

0-7 

0*/>4 

0-9 

0*8 

0-04 

0-9 

a 

- 00 

0*02 

0*8 

0*8 

0*04 

0*7 

0*8 

0*03 

0*8 

8 

1*2 

0*04 

0*7 

0*8 

0*02 

M 

I-O 

0-05 

M 

10 

0-0 

0*03 

0*9 

0*9 

0*03 

0-3 

0*9 

0*04 

0*9 

12 

0-8 

0*0.3 

1*8 

0*7 

0*03 

0*8 

0-9 

0-03 

0-8 

U 

10 

0'O4 

0*96 

1*1 

0*04 

1*2 

1*1 

0-03 

0-8 

16 

1*2 

004 

1-4 

0*9 

0*04 

0*9 

0*8 

0*04 

1-2 


It may be mentioned that the ammoniacal nitrogen remains more or less 
at the same level as in uneropped soil. Nitrite is present only in traces. 
Nitrates are iise<l up near]}’’ as fast as they are produced. 

Mineral fertilisers like superphosphate or potash (if applied in moderate 
quantities) have no influence on the oxidation changes. On the other hand, 
they stimulate plant growth and thus indirectly facilitate increased intake of 
nitrogen. The nature of the crop (and especially its root system) is also an 
important factor determining the active concentration of nitrogen left in the 
soil. It may bo stated generally that grasses and other dense crops not only 
tolerate fairly high concentrations of sewage nitrogen but also utilise it nearly 
as fast as it is applied. 

Yield of crops raised m diluted setvage effluent , — All the commoner agri* 
cultural and market garden crops can be raised successflilly on diluted sewage. 
It is difficult to prescribe any single formula for the dilution as it will depend 
largely on the strength of the original sewage and the pretreatmont received 
by it. With the septic tank effluent of the composition given in Table III, 
dilution with three times the volume of water has been found to be most 
satis&ctory. The diluted sewage can bo apphod to almost any crop with 
consistently satisfactory results. In the case of some crops, there is delayed 
ripening of grains but this can be overcome by either reducing the volume 
of sewage or further increasing the dilution until the approach of the harvest 
period. 

Elephant The experiments were conducted on small plots laid 

out on a uniform area of land. One set of plots was watered while the other 
received diluted sewage. Four plots were allotted to each treatment. The 
plots were distributed at random. The cuttings were taken just before flower- 
ing and the yields have been presented in Table VII. 
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Tabi^ VII. 


Effect 0 / aetvage irrigation on yield of dephani graes-^ucceseive ouUinge 


(Area, 400 sq. 

ft.) 



YIKLB in KHiOOBAMS 

Date of harvest 




Sewage 

Water 


irrigated 

iiT) gated 

6th Juno 

102-4 

40*0 

1 1th July 

206'8 

101*7 

7th August 

210*6 

116*5 

/5th October 

222*3 

141*2 

23rd November 

92*2 

60*9 

8th January 

68*2 

43*4 

11th February 

46*8 

19*5 

26th March . . 

93*4 

36*3 

28th May 

291*1 

91*3 

13th July 

302*6 

164*3 

4th October 

213*9 

146*6 

22nd November 

121*0 

89*3 


The yields from individual cuttings have been considerably modified by 
the season, the wet months (July to October) being generally more favourable 
than the dry ones (December to April). The effect of season was of more 
or less the same order in both the sets and it may bo seen that the sewaged 
plants did consistently better than the watered ones. 

Lucerne , — ^The experimental details were similar to those in the case of 
elephant grass. The yields (Table VIII) show a striking difference between 
sewage and water irrigation. 

TxnjM VIII. 


Effect of aetoage irrigation on yield of Iticemc-^ucceaaive. cuttings. 


Date of harvest 

Ymi.n 

IN Ka. 

Date of harvest 

Yield ik Ka. 

Sewage 

irrigated 

■ 

Water 
in*i gated 

Sewage 

irrigated 

Water 

irrigated 

16th May 

31*3 

16*8 

20th March 

25*5 . 

9*1 

13th June 

21*8 

11*6 

10th April 

26*1 

8*3 

8th July 

18-8 

9*3 

30th April 

15*3 

5*9 

6th August 

24*8 

14*0 

16th May 

14*3 

5*4 

22nd August . . i 

21*6 

13*9 

6th June . . ! 

IM 

4*4 

1 2th September . . 

22*3 

10*3 

23rd June 

15*4 

4*9 

7 th October 

31*9 

16 1 

i7th July 

24-7 

6*2 

1st November . , 

41*0 

18*3 

2nd August 

31*7 

8*3 

28th November . . 

36*6 

17*9 

26th August 

24*6 

6*7 

16th Deoember . . 

40*3 

17*5 

1 ith Se^^mber 

26*7 

6*6 

74h January 

36*2 

16*4 

Srd October 

29*1 j 

7*7 

27th January 

33*9 

18*0 

23rd October . . 

23*9 

7*7 

I8th February 

36t4 

13*6 

16th November 

26*8 

8*0 

6th March 

36*6 

11*7 


v:| 
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It may be observed that while the watered plants tended steadily to de* 
teriorate with time, the ejfFect was not so prominent in the case of the sewaged 
ones. Luoeme also shows the effect of season, but not so pronouncedly as 
elephant grass. 

Orain and Market garden crops . — ^These experiments were conducted in 
pots. The pots were divided into two sets, one receiving basal dressing of 
superphosphate and the otlier left untreated as control. 

Of these, again, one half was watered with diluted sludge and the other 
with tap waU^r. The results have boon given in Table IX. 


Table IX. 


Yield of grain and market garden crops {pot expts,). 


Crop 

YuBLO pub pot (in 0.) AFTER TREATMENT WITH 

Super 
followed by 
sewage 

Sewage 

alone 

Super 
followed by 
water 

Walor 

alone 

Barley 

51 

42 

n 

6 

Tomato 

1.400 

1,390 

508 

175 

Peas 

n 

34 

17 

15 

Poliohos 

431 

175 

149 

70 

Potato 

300 

107 

117 

100 


It may be noted that barley responds very well to sewage, the yield being 
more than five times that in the watered control. Basal dressing with super- 
phosphate leads to further increase in yield. The effect on tomato is also 
strikhjg, the sewaged plants being vastly superior to the watered ones. The 
effect of super is, however, more pronounced in the case of the watered plants 
than in that of the sewaged ones. Peas have also responded well to sewage, 
but the effect is not so striking as in the case of other crops. Dolichos and 
potato have both done well on sewage, but in their case the effect of super is 
even more striking. This is particularly noticeable in the case of sewaged 
plants. , 

Other Crops.— ‘Tbjese experiments were oairiod out in plots, the oondi- 
tions being similar to those described previously (Table X). The total 
yields of ATa phanr, grass and luoeme from the respective plots have also been 
iaciucled, 
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Tabus X. 

YuM of grainy market garden and fodder oropa {in plota) 


Crop 

Yiki-p (in Ka.) afteb 

THKATMMNT Wmi — 

Sowago 

irrigated 

Water 

inrigaUHl 

Maizo 

15*6 

10*8 

Kadlsh 

135-6 

71-6 

(.^arrotH 

80-6 

31-2 

Elephant grafts (1.3 Cuttings) 

1454*8 

750*9 

Luoonio (27 Cuttingft) 

723*0 

288*5 


It may be observed that in all the eases the sewaged crops gave much 
higher yields than the watered ones. The most, striking response was from 
lucerne and carrots, the sewaged plots yielding nearly thrice as much as the 
watered ones. 

Manurial value of sewage sludges, — Pre-treatment of sewage involving 
the separation of sludge offers an additional advantage in that the sludge 
can be used as a fertiliser. The sludge may be separated by chemical pre- 
cipitation, intensive aeration or mechanical agitation. Any two or all the 
three types of treatments may also be combined into one system. Prolonged 
septic action also yields a sludge but the product is generally very small in 
quantity as compared with those obtained by other methods. All those 
sludges have only limited application when present in the wet condition and 
tend to revert on standing. They are also inconvenient to handle, so they are 
not of much commercial value unless they can be properly dried. 

Several methods have been proposed for the drying of sewage sludge. 
Most of them are comparatively expensive. The most efficient are those 
involving the filtration of sludge from the adhering water followed by machine 
drying. These involve costly outfit and are not suitable except on a very 
large scale. The recently introduced Fowler mat is exceedingly simple in 
design and is, at the same time, highly efficient as a, filter unit. ‘ It yields a 
spodeable sludge which can be dried on the mat itself or by any one of the 
other methods. The mat sludge can also be easily dried in the sun. 

Some experiments were carried out at Bangalore, comparing the manurial 
values of sewage sludges obtained by different methods. Starting from the same 
type of raw sewage, sludges wore obtained after intense or limited aeration, 
chemical precipitation by different methods or prolonged septic action. Among 
these, the product obtained after intensive aeration was the most satislaotojy. 
It kept- after some time and offered no difficulty in filtration. The dried pro- 
4uct obtained from it was the richest ^3*6 to 4 per cent) in nltrp^n. Re^ 
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duced aeration yielded a slightly smelly product which did not keep well even 
for a few hours. It also offered difficulty in filtration. The dried product was 
comparatively poor in nitrogen (2*5 to 3*0 per cent). This was traceable to 
the fact that the sludge receiving limited air supply had very poor clotting 
action, so that a part- of the nitrogen was allowed to jiass into the effluent. 

The results obtained by chemical pn^cijiitation (by ferric or aluminiura 
sulpluite) were nearly similar to those after limited aeration, except that the 
filtration was slightly easier. On tlie other hand, the sludge was bulky and the 
dried prcxhict poor in nitrogen. There was very p(X>r yield of sludge after 
prolonged septic action. The dried product contained larger quantities of 
mineral (soil) matter arid was tlie poorest in nitrogen (1*5 to 2*0 per cent). 
Both from the point of view of quality and quantity, the septic tank sludge 
(which would correspond in some resjiocis (,o tlu^ residue left after digestion 
for gas) is rather poor and f/annot be regarded as j)osses8ing any high manurial 
value. 

When applied on e(puvaient nitrogen basis, sewage sludges were generally 
found to be superior to inorganic fertilisers. The following results (Table 
XI) obtained at Bangalore with three different types of crops will illustrate 
the above. 

Tatilm XT. 

Manurial mtuR of Stwage. Sliulge {Pot eTpfu.). 


Yibid (in o.) 


Treatment 


No noEtiure (control) 

Super alone 

Nitrate alone 

Nitrate plus Super 

Chemically precipitated sludge 

Chemically precipitated sludge plus Super 

Activated sludge 

Activated sludge plus Super 


Lucemo 

Pctalo 

Itagi 

Grain 

Straw 

704 

400 

9 

22 

1,772 

250 

12 

31 

805 

270 

10 

26 

1,687 

410 

16 

37 

2,871 

990 

39 

110 

8.373 

1,000 

40 

111 

4.983 

1,130 

. ^ 

* 

4,283 

1,160 

37 

109 


Lucerne showed bett^er response to super than to nitrate. Chemically 
precipitated sludge yielded better and activated sludge the l)est. Addition 
of super proved useful in the case of the chemically precipitated sludge, but 
there was evidence of depression when combined with activated sludge. The 
response of potato was similar to that of lucerne though not so striking. The 
yields of ragi were also of the same order except that the chemically precipi- 
tated sludge was nearly as effective as activated sludge. This may be due to 
the fact that rogi is a crop of fairly long duration (six months), so that both 
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tbo types of sludges would have had sufficient time to undergo the necessary 
decomposition in the soil. 

Fhy Biology of crops raised on slvdge, — ^There is comparatively scanty 
literature on this important aspect of sewage farming. Most of the available 
records relate to the abnormalities observed when undiluted sewage is persis- 
tently applied for watering crops. Under such conditions, crop lodging is 
often observed. In many cases the adverse effects are not seen till a late 
stage. The leaves get crinkled and, in some cases, there is practically no flower- 
ing or seeding. Many of the crops also get diseased, stem and root rots 
being the most common. Insect attacks of various types have also been 
reported. 

The researches carried out by S. A. Rafay at the Indian Institute of 
Science with a variety of crops showed that the crops raised on diluted sewage 
exhibit none of the above-mentioned abnormalities. The plants come out 
quite healthy. The vegetative growth is of the same type as that obtained 
with a liberal supply of a nitrogenous fertiliser. The leaf area is increased 
and the shoot height distinctly improved. There is also greater tillering, 
the number of tillers in sewaged plants being about 50 per cent more than the 
watered controls. Flowering and seeding are favoured with attendant im- 
provement in yields. There is delayed ripening in some cases, but this can 
be largely overcome by suitable basal dressing of superphosphate. 

Crops that respond most favourably to sewage treatment, — ^Tliis observation 
would apply primarily to sewage farms wliich have no facilities for either 
dilution or otherwise reducing the concentration of nitrogen in the effluent. 
The crops have to bo carefully chosen and planted in the right season, for, 
otherwise, they may fail altogether. The experience on the Bangalore farm 
during the past fourteen years would show that grasses (of different varieties), 
lucerne, cholam (fodder), plantains, papaya and coooanut do fairly well even 
on imdiluted sewage, at any rate, for a few seasons. Among the market 
garden crops, cabbage, cauliflower, tomatoes, lettuce, amaranthus and such 
like respond favourably. Certain creepers such as piunpkin, snake-gourd and 
cucumber also do well, at any rate, in most seasons. On the other hand, 
brinjals, chillies, lady’s-finger, peas and most grain crops are very erratic 
in their response. In certain seasons they do well, while in others they 
fail completely. It is generally difficult to predict the results and considering 
that the failures are more numerous than the successes it would be advisable 
to leave out such crops altogether. Among the fruit trees, apples, oranges, 
and limes did not do well on sewage. Guavas and figs did somewhat better, 
but the results were not, on the whole, very satisfactory. 

Qmlity of crops raised on sewage, — Attention has already been drawn to 
the fact that oropa— especially those of the market garden type — ^raised on 
sewage do not keep well. It may also be add^ that in certain localities-— 
especially if the draim^e is unsatisfactory-— they also smell of sewage. Certain 
sections of consumers have oomplained of inferior taste but' the majority 
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cannot distinguish between the taste of vegetables raised on sewage and those 
on water. 

Hygienic aspects of Sewage Farming . — The available evidence would 
suitably diluted sewage undergoes complete oxidation in the soil, 
so that it is hardly likely that it will bo a source of pollution. The same caimot 
be said, however, of undiluted sewage, esjKJoially when the application is pro- 
longed. The effluent draining out of the soil will not be a completely oxidised 
product and will be a source of pollution to unprotected water supplies in the 
neighbourhood. 

In addition to the above, sewage contains a large amount of insect life, 
which is not destroyed except during prolonged septic action or intense aera- 
tion. If raw or incompletely treated sewage is applied to land, these are 
released and I>ecome a source of danger to crops as well as to public health. 
Separation of sludge — by one of the known methods — followed by its drying 
or digestion for gas is the most satisfactory way of eliminating insect 
pests. 

Even under the most favourable conditions (imluding pro|jer dilution), 
it may be reasonably expected that market garden (^rops raised on sewage 
will get polluted, at least mechanically, in the process of watering. Proper 
washing (preferably witli a dilute solution of jK^rmanganate) followed by cooking 
(involving frying or prolonged boiling) will, no doubt, kill out a large part 
of the associated putrefactive organisms, but these operations are not and 
cannot ordinarily be carried out quite thoroughly even in the best managed 
households. In hotels and restaurants, foods are generally prepared in great 
haste and are often only incompletely cooked. In such cases, it is not un- 
reasonable to expect that some of the putrefactive and even pathogenic organ- 
isms originally present in sewage will still persist in the food and be taken 
by the consumers. 

It is well known that digestive fluids^— especially gastric juice — kill out 
most of the undesirable organisms present in food, but this may not always 
proceed satisfactorily. In some cases, the internal secretions may be inade- 
quate or the organisms so numerous that some may escape destruction. The 
effect of this on the health of the consumer is still not properly understood. 
Systematic work on this aspect of the problem will yield results of considerable 
practical importance. 

Taken on the whole, it would appear that sewaged crops — especially 
those of the market garden type — are not very desirable as articles of human 
food. On the other hand, farm animals flourish well on them. They are 
either immune or, at any rate, highly resistant to the effects of sewage pol- 
lution. It would 'appear to be highly desirable therefore to utilise sewage 
primarily for raising fodder or forage crops. The farm animals will, in turn, 
produce human food, which is comparatively safe to handle. In this manner 
the flsrtiliaing ingredients of sewage can be utilised to the maximum advantage 
End with safety to public health. 
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Summary. 

(1) The importance of sewage fanning as an economical means of returning 
to the soil the various fc^rtilisiug ingredients — especially nitrogen — originally 
removed from it in the form of crops is indicated. 

(2) The nitrogen content of domestic sewage is determined by a number 
of factors, of which the nature of the wastes passing into the drainage and the 
water supply are the most important. 

(3) The strength of sewage — es|)ecial1y in regard to nitrogenous consti- 
tuents — varies with the season and, to some extent, with the time of day. 
The changes are not, however, very considerable wiien daily collections are 
mixed together prior to application to land, 

(4) The difficulties arising through continued application of undiluted 
sewage — soil sickness, water pollution, plant diseases and insect pests — are 
indicated. Dilution of sewage with three to five times its volume of water — 
preferably after some system of pro-treatment involving the separation of 
sludge — eliminates the above-mentioned defects and leads to healthy crop 
production. Attention has also been drawn to the advantages of a modified 
system of treatment (involving addition of finely i)owdered cellulosic waste 
materials combined with intensive aeration) which yields a rich sludge contain- 
ing practically all the nitrogen of sewage and an effluent which is quite inno- 
cuous. 

(5) Even mere dilution followed by standing for some time lowers the 
albuminoid and the ammonia content of sewage. ^Nitrifi cation — at any rate 
to the nitrite stage — proceeds quite rapidly. On application to land the 
oxidation is complete and, if the land is fallow, there is steady increase in the 
nitrate content of soil. 

(6) When diluted sewage is applied to soil under crop, the nitrogen is 
taken up nearly as fast os it is applied. Addition of phosphatic or potossio 
fertilisers in small quantities has no direct ofFoct on the transformations of 
nitrogen, but assist nitrogen intake by stimulating plant growth. 

(7) Kesponse of different crops to sewage irrigation has been discussed. 
Elephant grass raised on diluted effluent gave consistently higher yields than 
that irrigated with water. Lucerne did still better, the yield from sewaged 
plots l>eing nearly three times that from the watered ones. Grain and market 
garden crops are also greatly favoured by diluted sewage. Basal dressing of 
phospha te is highly beneficial in some cases while, in others, very little improve- 
ment is observed. 

(8) Fertilising value of sewage sludge-^-especially in regard to nitrogen — 

is indicated. Experiments with three different types of crops have shown 
that sewage sludge (activated sludge or the chemically precipitated product) 
is very much superior to mineral fertilisers (single or combined) applied on 
equivalent nitrogen basis, , 

(9) The physiology of crops raised on diluted sewage effluent been 
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discussed. The beneficml effects are largely traceable to the steady supply 
of readily available nitrogen. 

(10) Grasses and leaf crops in general respond best to sewage. They 
evezi tolerate undilutel sewage for fairly long jjeriods. Among the market 
garden crops, some respond favmirably, while others fail after some time, 

(11) Sewaged crops do not keep so well as those irrigated with water. 
Some of the former also smell of sewage. It would bo ordinarily difficult, 
however, to distinguish between the tastes of the two sots of products. 

(12) Even under the most favourable conditions (including liberal dilu- 
tion) sewaged crops cannot be entirely free from pollution. Careful washiiig 
combined with proper cooking will kill out most, of the associated putrefactive 
and pathogenic organisms. When consumed, the digestive fluids will ordinarily 
destroy the rest. These opera tiozis may not^, however, always proceed satis- 
factorily and, especially under certain unfavourable conditions, market garden 
crops raised on sewage may become a source of danger to public health. 
Earm animals, on the other hand, ar<> fairly immune to pollution and dp well 
on sewaged crops. In view of this and the fact that fodder and forage crops 
do l>e8t on sewage, it has been suggested that sewage farming may be mostly 
confined to raising such types of (Tops. 

The author's thanks are due to a niunber of co-workers — particularly 
Messrs. N. Desikachar, M. Mahdi Hasan, S. A. Rafay, S. iiajagopal and M. S. 
Muthuswami Iyer — ^wlio were mainly responsible for the rt^searches described 
in the paper. He is also indebted to Dr. Gilbert J. Fowler for the kind interest 
he has always shown in this important line of research. 




DECOMPOSITION OF OTL-CAKES AND FORMATION OF NITRATE. 

By O. B, Pat., MBc,, Agricultural Chemist to the. Qovermnent of Bengal and 
S. C. Rakshit, B.Sc., Government Farm, Dacca, Bengal. 

(Eexid at Symposium, August 20*30, iOHG.) 


OQ-cakes aro valuable organic manures. They are in common use in Bengal 
for crops like potato, tobacco, sugar-cane, bott5l-vinc, etc. They arc applied 
in the rahi season for potato and tobacco and for sugar-t^aiu? and beiebvine in 
the kharif. ' The usual method of appli(^ation is in the trenches or in tbo 
held at the time of the preparation of the soil am I later on as a top dressing 
once or more according to the nature of the ci‘op. In some places they are 
applied after preHminary rotting acts in l)y keeping the cakes mixed with 
earth in a pit and moistening the same with water. 

It is a matter of common knowledge that oil- cakes take time to disin- 
tegrate and to become useful as plant food but nothing definite can be said on 
the point. The importance lies in the time of applying the cake to a quick 
growing crop ; if applied too early or too late there may be economic wastage, 
which is bad farming. In order to see how far the cultural practice followed 
in Bengal is suitable, i.e. how far the |H>riod of plant growth agrees or s^ynchro- 
nisea with the time of vigorous plant food formation (nitrate), and to find 
out the best time of application of the cake, an investigation was undertaken 
to study the decomposition of oil-cakes in the pot-eulturo house. 

Eight tins each ooiataining 110 lbs. of Dacca rod soil have Ikkui taken. 
These tins have been coated inside and otitside with a paint of tar. The 
scheme of the treatment is given below : — 

(1) Boil only. 

(2) Soil and lime. 

(3) Boil and lime and castor cake (50 gins.), 

(4) Soil and lime and groundnut cake (quantity of cake as in No. 3), 

(5) Soil and lime and grouiuinut cake (mgms. Ng as in No. 3). 

(6) Soil and castor cake (quantity as in No, 3). 

(7) Soil and groundnut oakts (quantity as in No. 3). 

(8) Soil and groundnut cake (quantity as in No. 5). 

Soil taken . . 30 lbs. 

Idme applied 25 gms. 

(Nos. 2, 3, 4, and 5). 

Castor cake . . 50 gms. to supply 18*2 mgms. N* per 100 gms. dry soil. 

(Noa. 3 and 6)4 

VoL 2. 


[Published April 23rd, 1037. 
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Groundnut cake 
(Nos. 4 and 7). 

(irouudnut cake 
(Nos. 5 and 8). 


50 gms. to supply 32*6 mgms. N* per 100 gms. dry soil. 

28*2 gms. to supply 18*2 mgms. N 2 per 100 gms. dry 
soil. 


Percentage of 


nitrogen 


(а) Castor cake 4*40, 

(б) Groundnut cake. *7*80. 


All these tins have l)oen kept inside the pot- culture house and the mois- 
ture content of the soil has been kept at about 18% by periodical addition 
of water. The soil in the tins has been sampled by an improvised auger from 
time to time and analysed for nitrate by the phenol-sulphonio acid method. 
The exjieriment continued from mid August to the 1st week of December. 


Tablk 1. 


Amount of nitrogen nitrate per 100 gms, dry soil. 


Period of 
analyniH 

Treat- 

mont 

; 

Treat- 

ment 

(2) 

Treat- 

ment 

(3) 

Treat 

meat 

(4) 

Treat - 
inent 
(6) 

Tront- 

mant 

(6) • 

Ti-oat. 

m(»iit 

(7) 

ment 

(8) 

2,^jth-*28th Aufpifit . . 

5*55 

5*09 

3*65 

3*84 

6*66 

6-26 

3-37 

3*94 

lHt-4th September . . 

5‘I9 

4*81 

0*09 

0-26 

4-40 

4*62 

8*00 

4*14 

8tK-llth Sopterubor 

4*90 

6*20 

0*69 

nit 

5*21 

«-16 

6*4J 

5*84 

lf»th“'18th Septembor 

4-39 

r>-8e 

0*90 

nil 

6*67 

6*93 

6*23 

6*82 

22ntl 26th Septomhor 

5-63 

7*06 

1*34 

0*29 

7*12 

6*72 

6*83 

5*84 

21st *-24fc)i OetoViei* . . 

6*45 

7*96 

4*96 

9-73 

8-89 

6*62 

8*00 

0*87 

Hr(l-6th November . . 

4*61 

7*48 

8*63 

19*39 

7*90 

6*05 

6*60 

6*91 

loth- 13th November 

5*01 

9*00 

1401 

26*40 

12*37 

7*68 I 

9*26 

8-43 

17th *20tli November 

6- 30 

11*42 ^ 

17*46 

20-66 

16-22 

8*60 

12*68 

9*85 

24th -27th NovomVier 

6*52 

11-44 

18-98 

30*93 

16*84 

10*13 ! 

18-84 

9*89 

lat'-4th December . . , 

6*44 

11*61 

18*99 

31-18 

17*49 

9*90 

1.3*81 

9-91 

Porooiitage of added jiitrogen nitrated 
per 100 gius, dry soil (allowanco i 
being made for the nitrate in the 
soil with and without lime). 

40*64 

60*03 

32*30 

19*01 

22*60 

19*06 


The analytical data are given in Table I and plotted in Graph 1. An 
examination of the figures shows that the addition of the cake causes at the 
start a alight depression in nitrification which lasts for a short time. The 
formation of nitrate?, however, progresses graduaUy afterwards. The effect 
of preliminary depression and formation of nitrate afterwards is more pro- 
nounced when lime is added with the oake. The depression lasts for a longer 
time and is greater the larger the quantity of oake applied. During this 
period the nitrate concentration is reduced to a minimum. When tJie depres- 
sion is over, a rapid rise in nitrification occurs. Lime intensificts nitrification. 
Thus, there is more accumulation of nitrate iix the soil treated with lime than 
that in the untreated soil. With castor oake, the maximum peremitage of added 
nitn>gen nitrated during the oourse of the investigation has bOen rongWy 19 as 
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agamst 40 with limo. Similarly, with groundnut cako (highor dose) the 
maximum percentage has been rouglily 22 without limo and (iO with lime, 
and with the lower dose the corresponding ligurcs are roughly 19 and 32 
rcsjKJctively. Of the two cakes, castor and groundnut, when equal amounts 
of nitrogen have been added nitrification is almost similar in both (about 
19%) when applieii without lime, but "with lime castor cake does bettor than 
groundnut (40% as against 32%). 

llegarding the depression in nitrification when cake is added to tlio soil 
it is first decomposed into nitrogenous anti carbonaceous compounds. The 
latter in course of its further oxidation retulily takes up oxygen from the air 
and tht> soil, while the nitrogenous compounds remain starved to a certain 
extent and nitrification makes headway only when the former reofition 
slows down. With lime, the decomposition of cake takes place mon^ rapidly, 
resulting in the greater utilisation of available oxygen, and this pr(d)ably 
explains the greater depression in nitrification at the early stage. 

In order to follow the elfoet of nitrification ou crops aTiother series of 
experiments were started later on. Tfio te(5hni(|ue of the exf>eriment has been 
the same os before, the only diflereuce being tliat groundnut cakt^ luvs 
been replaced by mustard cake and that two more similar series liave been 
added. These two series have been sown with jute seeds and one of the 
series has been kept in the pot-culture house, while the other sori(is has 
been kept outside. The tins in the lattei’ series hav(^ boon pierced with 
holes at the bottom to allow percolation and they have all been embedded 
in the field to approximate field conditions. The work began on tl)c 25th May 
and lasted till the middle of Septernlier. 

Nitrate formation has been studied periodically as before in all the throe 
series of pots. The analytical figures are given in Talile II. 

Nitrification has followed a more or less parallel course as before. Here, 
too, lime has depressed nitrification at the start and later on has intensified 
it. It may be noted that in a few cases abnormal nitrification has been 
observed. This may be attributed to detoctivo mixing of the cake with the 
soil and to error in sampling. 

The next point of interest is the effect of cake on tlie jute crop. On 
comparing the two series of pots, one inside and tlie other outside the pot 
culture house, it has been observed that the plants In the inside pots died 
before they were baxely 2*' to high, except in 3 pots, where they had a pre- 
carious existenoe, the maximum height being al>out 4', while the plants in the 
outside pots had a normal growtli. On oxamiimtion of the nitrate figures 
it is soon that the concentration of nitrate had been very high in the 
inside pots. Aboiit the middle of July, when the inside plants were only 2’ 
and were decaying, the outside plants were healthy and making normal growth. 
The concentration of nitrate was of the order 10 -1 5 in the inside pots as against 
2 to 0 outside. The failure of plants inside may be attributed to the high 
concentration of nitrate, whioli the plants ooukl not stand, while outside the 
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Table II. 


Nitro^fm nitmttd p^r 100 f/nw. o/ dry noil {in milViyrama) 

Dftto of analysiB 



May 

27 

J une 

5 

June 

22 

June 

30 

July 

8 

July 

23* 

Aiigusti 

5 

Sept. 

2 

Sept, 

15 

1. 

i 

1 

(I) 

4*88 

0*90 

8*84 

8*38 

9-87 

10-85 

11*41 

13*40 

11*87 

2- 

Do. 

(2) 

2*85 

(V68 

7*00 

7*55 

7*89 

10*72 

13-00 

21*57 

11*57 

3. 

Do. 

(3) 

5'82 

7*37 

7*25 

7*97 

8*41 

9*19 

18*01 

18*40 

14*02 

4. 

Do. 

(4) 

2*38 

514 

15*89 

21*48 

19*02 

31*78 

34-98 

30*88 

27*30 

5. 

Do. 

(6) 

8-18 

10*01 

7*41 

8*85 

9*92 

UV28 

13*14 

17*19 

18*38 

8. 

Do. 

(6) 

2*80 

5*18 

12*73 

14*43 

15*24 

18*34 

34*78 

50*81 

31*70 

7. 

Do. 

(7) 

3’71 

9*00 

7*95 

9*41 

12*54 

1819 

18*90 

40*38 

37*93 

8. 

Do. 

(8) 

2*36 

5*08 

12*03 

15*66 

18*34 

29*35 

23*25 

28-35 

30*34 

9. 

Same jis 

(1)V 

0-27 

4*79 

4*11 

6*48 

6*59 

8*59 

7*39 

800 


10. 

Do, 


4*74 

5*70 

7*72 

8*02 

10*43 

10*73 

10*82 

10*34 


n. 

Do. 

(3) •• 

8*38 

4*79 

8*06 

11*74 

9*30 

14*88 

17-08 

13*23 


12. 

Do. 

•• 

3*83 

4*33 

15*02 

23*98 

25*74 

31*24 

35*64 

29*10 


13. 

Do. 


7*51 

8*08 

7*28 

9*44 

7*32 

13*14 

23*20 

12*35 


14. 

Do. 

m ^'3 • . 

2-55 

3*65 

10*98 

12*37 

15*27 

18*10 

18*44 

17*42 


15. 

Do. 

1- *• 

I 14*32 

7*67 

7*51 

11 08 

9*31 

1205 

14*03' 

27-02 


18. 

Vo. 


, 2*31 

3*04 

14*59 

20*87 

10*62 

23*83 

18*23 

19*04 

* ^ • 

17. 

Do. 

■■ 

1 4*32 

3*81 

0*95 

1*37 

1*99 

1*05 

0*02 

nil 

nil 

18. 

Do. 


6-33 

4*70 

0*97 

0*86 

0*79 

nil 

0*35 

nil 

nil 

19. 

Do. 

(3) '1 ! ! 

6*18 

6' 29 

5*57 

.... 

6*95 

5*15 

0*92 

1*07 

nil 

20. 

Do. 

(4) ^ . . 

3*92 

3*81 

4*83 

5*22 

6*43 

0*79 

nit 

nil 

nil 

21. 

Do. 

fl •• 

1 8*81 

8*26 

2*45 

0*88 

6*00 

3*19 

4*37 

nil 

nil 

22. 

Do. 

(0) - . . 

4*34 

4*87 

4*59 

3*72 

5*40 

3*35 

1*09 

nil 

nil 

23. 

Do. 

(7) a .. 

10*79 

7*90 


3*52 

7*77 

5*18 

4*00 

3-17 

nil 

24. 

Do. 

(8)/ .. 

4*14 

3*14 

.... 

3*45 

4*69 

0-90 

nil 

nil 

nil 

Kainfall between hoc- 



3*87 

7*03 

1*22 

7*37 

1*32 

7*94 

3*03 


oossive analysis in 
irifheH. 


Note . — Treatment (1), (9). and (17) — Soil only (30 lbs.). 

Treatment (2), (10), end (IS) — Soil (30 Jba,)-f-Lim0 (25 gms.). 

Treatment (3), (11), an<l (19) — Soil (30 IbaOd-Onstor Oako (56 gms.) oqviivalent to 30 

ingms. Njj per 100 gma. dry noil. 

Treatment (4), (12), and (20) — ^Soil (,30 lb«.) 4* Castor Cake (56 gma.) equivalent to 30 mginft. 

Ng per 100 gm«. dry aoil + Lime (26gm».). 
Treatment (5), (13), and (21) — Soil (30 Iba.) 4- Mustard Cake 65 gms. (20mgm«, Ng). 
Treatment (6), (14), and (22)* - Soil (30 lbfl.)4’I-ime (26 gmsd-f Mustard Cake (small dose) 

55 gms. (20 mgms. Ng). 

Treatment (7), (15), and (23) — Soil (30 lbs.) 4- Mustard Cake (big dose) 82 gms. (30 mgms. 

Ns). 

Treatment (8), (16), atid (24) — Soil (30 lb».)4'Lime (26 gm«.)4- Mustard Coke (big dose) 

82 gms, (30 mgms. Ns)* 


Pots 0 to 18 have been sown with jute and kept inside the pot*<mlture house. 

Pots 17 to 24 have been similerly sown With ju£e but kept outside the pot-ciilture 
house and embedded in tl\e field. • 
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nitrate formed was mostly washed off by the rains and the residual nitrates 
wore sufficient for the growth of the plants. It may bo noted that the limed 
pots recorded higher yields than the unlimed onoa. Another point to be 
noted is that with cake nitrification commences vigorously fi to 8 weeks after 
its aj)plication and the nitrate goes on accumulating until the heavy rains 
of the monsoon wash off moat of the "nitrate. This is an economical loss of 
great significance. From a practical standpoint the application of cake 
should be so made aa to enable the crop to utilise the nitrate as much as possible 
before it is washed off. This points to the advisability of the application 
of cake during the rabi season so that the kharif crop, following a rabi crop, 
may derive the maximum benefit of the nitrate which remains unutilised by 
the raft V crop, and which is formed afresh by the further decomposition of the 
cake. In no case should the cake be applied in the kharif season for quick 
growing crops, as in that case there is the great risk of loss of a considerable 
portion of the nitrate made available by the further decomposition of the 
cake. 

The present practice of applying cake in the rabi season for potato seems 
to be a sound one as the succeeding crop, usually jute, can fully utilise the un- 
spent and freshly formed nitrate. As montione<l before cake is applied in 
the kharif mmox\ for crops like sugar-cane and betel -vino. Of tliese, betel- vine 
is a perennial crop while sugar-cane is almost a full year crop. The applica- 
tion of cake in the kharif mmon no doubt involves a great risk of loss of nitrate, 
but the well-established root systems enable sugar-cane and lx)tel-vine to 
utilist^ the nitrate as soon as it is formed. 8o the loss of nitrate by washing 
during the rains is minimised to a great extent. 

Summary 

The decomposition of 3 kinds of oil-oakos in soil with and without lime and 
the fonuation of nitrate therefrom has been studied . 

After a preliminary depression lasting for a short time nitrification goes 
on vigorously. Addition of lime quickens the decomposition of the cake 
and intensifies the nitrification. 

The influence of nitrate on jute has been studied in pots. High concen- 
tration of nitrate in soil has been found to inhibit the growth and ultimately 
to result in the total failure of jute. 

The heavy rains during the monsoon wash off most of the nitrates from 
the soil and hence the application of cake in the kharif season precludes the 
possibility of deriving maximum benefit. The present practice of the appli- 
cation of cake as a manure has been discussed. The application of cake 
during the rabi season appears to be more sound. 




TRANSFORMATIONS OF NITROGEN IN THE SWAMP SOIL. 


Ihj A. Srkknivasan, Af.A., D./Sfc., AJXj, md V, Subeammantan, 

F i.C., DepartrmrU of Bioch^’mistry^ Indian TmtiHUe of Science, 

Bangalore. 

(Read at Symposium, Awgust 29~:H), tOHiL) 

Mineraliwe ion of the organic soil nitrogen is essentially a biological 
process, consisting of two well defined stages — ammonifioation and nitrifica- 
tion. The quantity of mineralisod nitrogen may be inferred from the amotmts 
of ammonia and nitrates that are formed. In dry soils, ammonification 
proceeds much slower thaTi nitrification, so that the greater part of the miner- 
alised nitrogen is found in the form of nitral^es. The rate of nitrification will 
thus serve as a means of measuring the comparative rate of organic nitrogen 
transformation. Such, however, is not the chjw with the swamp soil. A 
number of investigators have shown that under such conditions nitrates are 
not formed and, even if present, are quickly converted into nitrites and are 
finally lost or denitrified (WaringUm, 1892, 1897 ; Nagaoka, 1903, 1904, 1906 ; 
Baikuhara and Iraasaki, 1907 ; Kelley, 1911 ; Oelsnor, 1018 ; Janssen and 
Metzger, 1028; Bartholomew, 1020; Joachim and Kandiah, 1020; Mukerji 
ajui Vishnoi, 1936 ; and others). According to Harrison and Iyer (1012-16), 
bulky organic manures yield aminonia under the conditions of the rice soil, 
there being no nitrification, although the major part of the nitrogen is lost 
uj the elementary state. Subrahmanyan (1927, 1929) observed that in the 
absence of freshly decomposing organic materials, water-logging results in 
slight diminution in nitric nitrogen and a distinct increase in free and saline 
ammonia ; the formation of ammonia has been shown to be enzymic in origin. 
In presence of fermenting organic matter, even added nitrates are completely 
lost. 

It is not clear whether all the nitrogen thus rendered available in the form 
of ammonia is utilised by the plant. The amount of available nitrogen in the 
soil is a balance between the nitrogen liberated from the decomposition of the 
organic matter and that absorbed by the micro-organisms which decomiJose the 
non-nitrogenous and nitrogenous constituents. In dry cultivated soils there 
have been a number of studies relating to the importance of the composition of 
organic materials in determining the availability of their nitrogen in the soil 
(Thomas and Harper, 1926 ; Blair and Prince, 1028 ; Waksman, 1926 ; Waksman 
and Tenney, 1928 ; Jensen, 1929 ; Martin, 1930 ; Lemmermann, Jensen and 
Engel, 1930; Sievers, 1930; Smith and Humfeld, 1930; Salter, 1931; and 
others.) The supply of easily available nitrogen is also known to be an 
important jEaotorin determining the rate of organic matter decomposition 

VOL, HI--N 0 . 2. 


[Published April 1937. 



220 A. SHEKKIVASAN & V. SUBEAHMAlfYAN t TRAKSEOKMATIOKB OF 



^QO^tTOl) 



WITROaiDK TK Tfi® $WAMr SOIL. 221 

(Meakle, 1918 ; Starkey, 1924 ; Waksman and Starkey, 1924 ; Barthel a^id 
Bengtaeon, 1924 ; Anderson, 1926 ; Wakaman, 1927 ; and others). The position 
in regard l ;0 the swamp soil is not, however, so well dehnod although a few 
workers (Itano and Arakawa, 1927 ; Osugi, Yoshie and Komatsubara, 1981) 
have studied the decomposition of organic materials under such conditions. 

The present investigation relates to the transformations in the swamp 
soil of organic nitrogen from widely different sources, the nature of the losses 
of nitrogen taking place under such conditions and the means whereby it (?aii 
be either prevented or, at any rate, reduced to a minimum, 

Exmrimjjktal. 

The soil (100 g. lots) was treated with different organic materials in quan- 
tities corresponding to 30 mg, of nitrogen. The substances employed wore 
urea, dried blood, hongay leaf, fannyard manure, lantana and rice straw 
respectively. The mixtures were then swamped and allowed to decompose at 
30® and the changes in the different forms of nitrogen (ammoniaoal, nitrate, 
and total) followed in samples taken from time to time. 

It was observed that, in general, ammonification proceeded faster with 
substances with narrow C-N ratios than with the others. With substances 
of very wide 0-N ratios, there was practically no ammonifloation. The 
quantities of ammonia formed in the medium tended to increase during the 
first 8 to 10 weeks after which there was a steady decrease. Nitrification was 
observed only in the case of substances with narrow C*N ratios and the pro- 
duction of nitrate generally commenced only after about a month when the 
vigour of the initial fermentation had subsided and fairly large quantities of 
ammonia had accumulated in the system. There was progressive loss of 
nitrogen in almost all the oases and, as may be seen firom Table I, although 
the production of ammonia or the loss of nitrogen varied widely for the different 
substances, there was a close relationship between the two. Thus, substances 
like dried blood and urea, which ammonify rapidly, also lose their nitrogen 
at a fast rate, while substances like hongay leaf which ammonify at a some- 
what moderate rate do not lose their nitrogen so rapidly. On the other hand, 
there is very little loss of nitrogen with substances like lantana and straw which 
also exhibit very little ammonification. 

Addition of increasing quantities of fermenting organic matter (10, 20, 
30 and 40 mg. respectively of nitrogen added as dried blood to 100 g. lots of 
soil) resulted in corresponding inoreapse in the production of ammonia and in 
greater losses of nitrogen (Table II}. 

The results of experiments carried out with mixtures of organic materials 
in such proportions as would give a C-N rS'tio of about 15 to i and in quantities 
corresponding to 30 mg. of nitrogen per 1(K) g. of soil (Table III) would, how- 
ever, i&ow that th^ exi^nt of mineralisation and the loss of nitrogen can be 
adequately controlled by adjusting the ratio of carbon to nitoigen. 
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TabX^R IX. 


Ch<angeH In U}ktl and ammonia nitrogen in jiremncr of imyrmmng guantiUrs of dried hlotni. 


Days. 


Alh(. nitrogen 
added os dried 
blood 

0 

8 

29 

57 

78 



1 









NH,. 

Total 

NH,- 

Total 

KHj,. 

Total 


Total 


Total 


N 

N ■ 

1 

N 

N 

1 

NT 

isr 

K 

N 

N 

N 




Nitmgon 

ui parte per million 




to 


:i30 

16 

310 

28 

290 

19 

1 200 

7 

1 280 

20 


430 

23 

400 

73 

300 

58 

370 

33 

350 

:io 


530 

48 

.500 

80 

440 

lot 

400 

100 

360 

40 


! H30 

43 

GOO 

132 

500 

130 

440 


400 


Tabi^b in. 

Changes In ammonia and m kjtal nitrogen in presence of mi.r4ures of materials adjusted 

to G-N ratiOf 16 : 1. 







Days 





Materials 

mixed 

0 

8 

29 

57 

78 


' M 

Total 

N 

NHs- 

N 

Total 

N 

z: 

Total 

N 

NHs- 

N 

Total 

N 

NHs* 

N 

Total 

N 

Lantana-f Dried 



Nitrogen expreeeed as parts per million 



blood . . ; 


530 

1-2 

490 

6’2 

480 

16 

480 

28 

480 

UreafUlueose 


530 

10*4 

470 

163 

470 

144 

440 

160 

420 

Urea alone 
(control j 


630 

95*1 

520 

187 

400 

126 

330 

122 

300 


Ifrom Table III can be seen that the production of ammonia* from urea 
was not appreciably checked by the presence of glucose ; in a like manner 
dried blood also would seem to ammonify independently of the presence of 
lantona. The amounts of ammonia were, however, small in this case because 
of the small quantity (less than 0-1 gm.) of dried blood itself present in the 
medium. On the other hand, it may be noted that the loss of nitrogen from 
ure^i* or from dried blood (r/. Table I) has been greatly retarded by the 
presence of their resjieotive components. The mechanism of the retention of 
nitrogen is still obscure. The steady increase in the ammonia content of the 
medium would suggest that ammonifioation was not retarded by the presence 
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of the added ooraponents. The non- volatilisation of the ammonia tlnm formed 
would, on the other hand, point to its being in some combined form, probably 
as a salt. 

Attention has already been drawn to the fact that pure carbohydrates, 
as also substances with wide 0-N ratios, undergo fermentation in the soil 
yielding organic acids. Tf we assume that the ammonification of the added 
nitrogenous material and the aokl fermentation of the carbohydrate or 
cellulosio material proceeded side by side, then the ammonia resulting from 
the former would combine with the acids producsed by the latter. Tn this 
manner, volatilisation of ammonia and consequent loss of nitrogen would he 
largely prevented. 

The observations that nitrogen loss was greatest with substances which 
underwent the most rapid ammonification suggested that a part at least of 
the loss might have been due to volatilisation as ammonia. Experiments 
conduct/€Kl with soil treated with urea and dried blood res|>eciiveiy (50 mg. 
N for 100 g. of soil) indeed showed that ammonia was the chief nitrogenous 
product among the gases evolved and acjcoiinted for the major part of the 

Tablk IV. 


Lose of nitrogen and voUitilieation of ammonia. 





Days 





B 

15 

22 

29 

57 

78 

TJbma I 

rLoas of total nitrogen 







(Swamped) , . ^ 

(mga.) . . 

0-6 

2-B 

4-8 

162 

19*2 


i 

Dkiep Blood i 

f Lose as ammonia (mgs.) 

^ Loss of total nitrogen 

(>•6 

2 3 

4'6 


1.5*8 

19-0 

(Swamped) . . i 

(lags.) . . 

1-6 

5-3 

10-4 

14-1 

20*7 

24*1 

i 

Deiicd Blood ( 

Loss as ammonia (mgs.) 
r Lose of total nitrogen 

1-6 

41 

8*8 

12*3 

17*6 

20*8 

(maintained at ^ 

(mgs.) . , 

0-6 

30 

41 

5*3 

71 

10 4 

60% ftatnra- j 
tion). 

1 Loss as ammonia (mgs.) 

e-2 

1-4 

2-3 

3-2 

4 3 

6*2 


Nitrogen originally added 50 mg. 


nitrogen losf; from the soil system (Table IV). Similar experiments carried out 
with soil treat^l with dried blood but maintained at 60 per cent saturation 
also showed that the major part of the loss was by volatilisation as ammonia. 

DisouasioN. 

Dnd^ the conditions of the swamp soil ammonifioatioii proceeds at a much 
faster rate than nitrifif^tiou. Ttiere would therefore be an accumulation of 



224 A. SRBHNTVAaATI & V. STTBRAMMAI^YAN : TRANSFOKMATIOKS OF 

ammonia in the soil system and consequent loss by volatilisation* However, 
as may be seen from the above studies, there is very little loss of nitrogen 
during the early stages of fonnentatioii when the dissolved oxygen content 
of the medium is low and when the soil reaction is fairly acid and oontains 
useful amounts of free organic acids (chiefly lactic and acetic). It is only 
after the first few weeks, when more or less aerobic conditions are restored 
and nitrification sets in, that the loss of nitrogen from the soil system is most 
pronounced. Although it lias been suggeste<l that the losses of nitrogen 
occurring under the ‘ anaerobic ’ conditions of the swamp .soil may be due to 
denitrification, the results of the present enquiry would suggest that vola- 
iiilisation of ammonia proceeds under conditions which are the very reverse 
of those favotiring denitrification. 

The nitrogen losses observed in the present studies ai*e rather consider- 
able, but these will be much leas in the presence of the growing plant, Still, 
among the conditions which determine the rapidity of decomposition of organic 
materials added to the soil temperature is of the greatest importance, and in 
tropical regions the temperature prevailing in the rice soils is bound to be 
high and the decomposition may proceed at a fast rate. The organic matter 
resulting from such decomposition will have a narrower C-N ratio and the 
losses of nitrogen may thus be enormous, due both to the greater decomposition 
and to the fact that less of organic matter will be synthesised by the micro- 
organisms concerned. Such losses may, os would appear from this study, 
be profitably reduced by adding the substances in small lots at a time or in 
presenoe of immobilisers which would retain the surplus nitrogen in combined 
forms. 

SUMMABY. 

Decomposition of organic materials (such as urea, dried blood, farmyard 
manure, green manure and seed cake) in the swamp soil results in the produc- 
tion of ammonia. The extent of such production is determined by the 0-N 
ratio of the materials applied, being more with substances of narrow ratios 
than with those of wide ones. 

Addition of increasing quantities of organic materials results in propor- 
tionately greater production of ammonia followed by correspondingly heavier 
loss of nitrogen. The loss is most pronounced in the case of substanoes with 
narrow C-N ratios. 

An enquiry into the mechanism of the loss of nitrogen has shown that 
this occurs largely through volatilisation of ammonia from the soil system. 
It has been found that, tmder the swamp soil conditions, ammonification pro- 
ceeds much faster than nitrification, so that there is aocomulation of ammonia 
in the medium. The volatilisation of ammonia is favoured by the high tem- 
pcrat^ provident under tropical oondirions. 

Addition of carbonaceous materials calcalatetl to widen the 0-N rario 
to 15 ; 1 or more Is emotive in reducing the loss of 
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80ME FIELD AND WATER CULTURE EXPERIMENTS WITH RICE. 
By AsHtTTOSH Sbn, Ph.D., Agricultural Chemistry Sectum, Dacca Unimrsity. 

(Read cU Symposium y August 29-HOy 19 ^(L) 

Tho resiiltfl of these exporiments have a direct l^earing on the available 
nitrogen status of thfs soil and as such is reported here, 

1. Assimilation of niteoobn by thb bice plant. 

The estimation of the weigfit and tho percentage of nitrogen in the dry 
matter of 15 rice plants collected at random from an unmanured paddy field 
at eight different stages of growth from transplantation to harvest shows the 
following facta : — 

Tabi>e 1. 




Before oar emergence. 


After ear omerj 

pnee. 

Sample . . 

r 

2 

.3 

4 

7> 

6 

7 

8 

Weeks after 
t r a n fl - 
p 1 a n “ 
tation . . 

0 

3 

6 

9 

12 

14 

16 

18 

Weight of 
dry mat- 
ter in 

gms. . . 

4-38 

7*7 

20-7 

96*8 

194*6 

330*9 

540*3 

638*2 

Percentage 
of N 

(whole 
plant) . . 

1*255 

1-87 

2-34 

2*22 

1-645 

M32 

0*807 

0-698 

Total N in 
gms. . . 

0-054 

0*143 

0-486 

2127 

3-008 

3-746 

4*69 

3*76 

Wt. of N as 
% of tho 
maximum 

M 

31 

10*3 

46*7 

64-0 

79*8 

100 

80-2 

Absorption 
of N per 
week in 
gms. . . 

•03 

•114 

•547 

•294 

•309 

-473 

-•47 



The percentage of nitrogen in the rice plant increased until about six 
weeks after transplantation and thereafter decreaaod steadily until harvest. 
Since the weight of the dry matter increased from transplantation onwards, 
there can be only one reason for the rise in the poroentage of nitrogen, viz. 
nitrogen was assimilated at a faster rate in comparison with carbon. Similarly 
the subsequent fall in the percentage of nitrogen was due to the assimilation 
of nitrogen at a slower rate than that of carbon. The determination of avail- 
able nihrogen in the soil showed that the little nitrate that was present dis- 
appeared when the soil was water-logged^ but ammonia accumulated until 
about six weeks from transplanta^on, when it fell off rapidly. Obviously 
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during the first six weeks after transplantation more ammonia was produced in 
the soil than the plant could consume. And as a result of this abundance of 
ammonia nitrogen was assimilated at a fastei* rate tlian carbon leading to the 
increase of percentage of nitrogen in the plant. On the other hand th(5 period 
immediately following the sixth week after transplantation corresponded 
with the vigorous stage of plant growth. The demand for ammonia at this 
stage by the plant was greal^er in proporlion to its production in the soil. 
In oonsequencje soil ammonia decreased rapidly, which in turn resulted in the 
assimilation of ammonia nitrogen at a slower rate than carbon, leading to the 
fall in the percentage of nitrogen in the plant. It is therefore clear that 
available nitrogen status of the soil markedly affects the nitrogen composition 
of the crop especially during the early stages. 

Furthermore, of the maximum quantity of nitrogen eventually absorbed 
by the rioo plant two-thirds was only taken up at flowering (sixth row in the 
above table). During the milk stage therefore a considerable amount of nitrogen 
was assimilated. If the rate of absorption per week is considered (last row in 
the table), it will be found to shoot up again during this period. From the 
point of view of practical agriculture, therefore, it may pay to increase the 
available nitrogen status of the soil by manuring at this stage also. 

A loss of nitrogen from the rice plant is indicated during the ripening 
stage but this requires further confirmation. 


2. NiTBOaiflN KEQOmEMEKT OF THE KTOK PLANT. 

In the preceding experiment the importance of maintaining an available 
nitrogen status in the soil almost throughout the life of the rice plant has bean 
stressed. But it will be interesting to see what happens to the plant if the supply 
of nitrogen falls short or becomes nil after the plant has grown for sometime. 
Accordingly rice plants wore grown in culture solutions containing all essential 
elements, N, K, P, Oa, Mg, S, and Fe up to different stages of growth and then 
transferred to solutions containing these elements excepting nitrogen* It 
was found that the growth of the plant was checked in absence of nitrogen 
at any stage, but the pitot, even the four- week old seedling, managed to survive 
and eventually bore grain. In all oases nitrogen was found to increase in 
the plant diuring the period it lived in culture solutions without - nitrogen. 
This indicated the possible capacity of the plant to assimilate elemental 
nitrogen. Similar observation was made in a sand culture experiment with 
rice and has been reported m a separate paper on the ‘ Nitrogen Supply of 
Rice * for the Symposium. 

On the other hand it will also be interesting to see what happens to the 
plant if the available nitrogen status in the soil becomes excessive, say by over 
manuring, or otherwise. It was found that when the rice plant in water enl- 
ture was fed with increasing doses of nitrogen, the percentage of nirirpgto^^^ m 
the straw and the seed moreased, Ihe total number of the s^eds per ear 
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decreased, the total number of the empty seeds increased in proportion to the 
filled seeds, until the dose became such that all the seeds which appeared were 
empty and finally, when the percentage of nitrogen in the straw at harvest 
was 1*25 due to excessive nitrogen, no seed formation took place at all. 

The adverse effect of excessive nitrogen on seed production was counter- 
a{?ted to some extent by the presence of boron in the culture solution. Boron 
stimulated both vegetative growth and seed formation. It was further found 
that the rice plant absorbed as much nitrogen in presence of boron as it did 
in its absence, but the total dry matter at harvest in the former case was almost 
double that in the other case. It is suggested that the benefioial influence 
of boron on seed formation lies not as much in controlling the absorption 
of nitrogen as in correcting the physiology of the plant by stimulating a propor- 
tionate increase in the carbon assimilation by the latter. Further experi- 
ments showed that this beneficial effect of boron was independent of its concen- 
tration from 1 p.p.m. to 12 p.p.m. in the culture solution. Higher concentra- 
tions were not tried as tliey might prove toxic. 


3. Loss OF NITROGEN FROM OULTITBE SOLUTIONS. 


That loss of nitrogen takes place in submerged paddy fields as elemental 
nitrogen has been shown by several previous workers. In the water culture 
experiments reported here it was observed that there was considerable loss of 
nitrogen from culture solutions under rice. When there was no crop there 
was little or no loss from culture solutions. Of the total loss under rice roughly 
about 50% was recovered in the plant. The remainmg 50% was lost probably 
as elemental nitrogen. This was tnie whether nitrate or ammonia was present, 
in the culture solutions. Further experiments were carried out to determine 
the extent of this loss at various stages of the plant growth. The results 
were as follows 

Ijom of nitrogen, probably as 
elemental nitrogen, as per 

During cent of total loss from 

culture solution. 

46.1 
6.4 
21.5 
<Kh9 


Seedling Stage 
Active Vegetative Stage 
Flowering Stage 
Ripening Stage 


It is clear that the loss of nitrogen from the culture solutions is very 
great during the ^Beedling and ripening stages. The result is of obvious im- 
portance as it demonstrates the advisability of mcreasing the available nitrogen 
status of the soil, if so desired, by top dressing of soluble nitrogenous ferti- 
lieers only during the active vegetative st^e and in the beginning of the 
ffowedng stage. 
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4. Mandbino of a laterttio paddv field with niciphos. 

For tluB oxperimont 72 plots were laid out in three blocks of 24 plots each 
in the Government Farm, Dacca. The soil is of a latoritic type and poor in 
organic matter and nitrogen status. Twelve treatments consisting of various 
combinations of lime, potash, and magnesium were distribute! in 36 plots. The 
remaining 36 plots received the same 12 treatments plus niciphos at the rate 
of 130 lbs. per acre given in two doses as top dressings — one at the end of the 
seedling stage and the other during the middle of the active vegetative stage. 
Experiments have now been carried out for about 5 years in these two sets 
of 36 plots receiving no nitrogen and niciphos respec^tively. The results show 
that the increase in the grain yield due to niciphos is statistically significant 
but the increase even in a year of favourable weather condition.s averages to 
only 21 per cent over the yield of the plots receiving no nitrogen. 



MANURIAL TREATMENT EOR REMEDYrNG X1TR0( iEN DEEICTENCY 
OF BOILS OF UPPER ASSAM FOR GROWINlJ PLANT PANES. 


Hy Hemkn OKA Nath Pal, Chmtiml Amisiani {Rm.)y Jorhat AgrlmUuml 

lAiboratory, Assam, 

(Read at Symposiujny August !29-30, 1933.) 

Thin deals with the results of some of the sugar-t^aue experiments 

that have been done at Jorhat Farm, and as the soil of the Farm is more or 
less representative of some of the soils of the Uj>}x>r Assam Valley, some idea can 
be formed from these experiments as to the status of nitrogen in such soils. 
The nitrogen content in Jorhat Farm soil is oji an average *09% (top-soil) and 
sugar-cane, when grown without any nitrogenous manurial treatment, has been 
found to give very poor yield of canes ; stunted growth and other signs of 
nitrogen starvation wore invariably noticed. It has Iwen the usual practice 
in the Farm to manure the canes of the nursery and simple varietal experi- 
mental plots with 300 mds. of cow-dimg-f 1,000 ibs. of oil- cake in the ease of 
plant canes and with 200 mds. of cow-dung +2. 099 Ibs. oil-cake in the case 
•of ratoon canes. Besides, in simple varietal and manurial experiments the 
following rotation is followed : — 

Ist year — plant cajie. 

2nd year — ratoon cane. 

3rd year — (Kharif) a green manure crop, (rabi) oats. 

4th year — (Kharif) another green manure crop, (rabi) a catch crop of 
mustard. 

Canes under the above arrangements are found to yield a good crof), the 
maximum yield up to 1936 lieing 54 tons approximately |>er acre of stripjwd 
^jones with Co. 419 (Plant cane). 

A good idea as to yields of canes when grown under different treatments, 

. ,,, ^ 125 mds. , 250 mds. 

VIZ, (1) control, (2) cow-dung per acre, (3) 

dung per acre, can be gathered from the combined varietal and manurial 
experiment conducted in the year 1935-36. The above mentioned treatments 
were used with three varieties of plant canes, P.O.J. 2714, Co. 213, Teli, and 
the experiment was laid out in the randomised blotjks with 3 replications. 
The soil of the experiment received no initial common manurial dressing. 
Signs of nitrogen starvation was noticed in the case of treatment (1), to some 
extent in treatment (2), and to a very small extent in the case of treatment (3). 
In the latter case both the yield of stripped canes and quality of juice were 
found to be superior to those due to other treatments, the yield of canes under 
treatment (1) being extremely poor. The ex|>eriment clearly showed that 
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nitrogen iw not preaent in the 8oil in a form to yield a Hatisfactory crop. It 
mimt bo added to the soil in the form of a suitable manure. 

The results, given l>eiow, of our manurial experiment conducted in the 
year 1934-35 clearly show the utility of using 300 mds. cow-dung+l,(K)0 lbs. 
oil-oake-™the usual treatment given to plant canes in the nursery and simple 
varietal experiments in our Fann. 

Manurial Experiment. 1934-35. 

With Co. 213 (Plant canes), 4 treatments with six replications. 

Treatment ( 1 ) — 1 00 mds . cow-dung . 

{ 2)^200 
(3)^300 „ 

„ (4)~400 „ 


Troattnojif 

1 

2 

3 

4 

Mean 

S.E. 

Yield of stripped canon (ton per 
aero) 

2:M3 

24d>2 

27*44 

26-83 

25-6Q 

•699 

touH per aero 
% Sucrose in juice 

21H 

2-2H 

2'40 

2-33 

2-29 

•103 

14»69 

14*85 

1416 

14*19 

14-47 

•29 

% (Ilucono in juice 

•52 

•69 

•71 

•58 

•63 

•046 


All plots received a common dressing of 1,000 lbs, oil-cake. 

OondusionH : — For strip jx^d oanea treatment 3 is the best and significantly 
greater than treatment 1 or 2. 

Regarding sucrose content treatment 3 yields the highest 
value but is not significantly greater than the others. 

Further experiments are in progress. These include tests in fields of 
cultivators in selected areas. Each of the treatments stated above indicates 
the amount per acre. 



SOME FACTORS INFLUENCING STUDIES ON NITROGEN 
FLUCTUATIONS IN BOIL PLOTS. 


By A. Skkenivasan, if. A., D.Sc,, A./.G. and V. StJBRAHMANYAN, D.Sc., 
FJ.C.y DejHiriment of Biochemintry, Indian Institute of Science ^ Bangalore, 

(Read at Bympoduniy Atigmt 29-30 , 1930,) 

Fluctuations in the total nitrogen, ammonia, and nitrate contents of 
arable land have been reported by a number of workers (Leather, 11111 ; Russell, 
1911- ; Russell and Appleyard, 1917 ; Waynick, 1918; Wa3aiick and Sharp, 
1918 ; Lemmormami and Wickers, 1920 ; Thornton and associattm, 1927, 
1930; Clarke, 1922; Aimett et ah, 1928; Smith, 1928; Ih-escott and Piper, 
1930 ; Batham and Nigam, 1930 ; Penman and Rountree, 1932; Bartholomew, 
1932 ; Sreenivasan and Subrahmanyan, 1934 ; Wilshaw, 1934 and others). 
A few workers (Prescott and Piper, 1914, 1930 ; Annett ei ah^ loc, cAt. ; Batham 
and Nigam, loc. cit, ; Sahasrabuddhe and Co-workers, 1927, 1931, 1932, 1936 ; 
Wilshaw, loc^. cit, and others) have noted that such variations depend on 
season, temperature, raintall, moisture content of soil and other factors. 
Definite recuperation of nitrogen in the soils has also been shown to proceed 
under favourable conditions of moisture, temperature, aeration, and manuring 
(Wilsdon and Ali, 1922 ; Aimett eial., loc. cit. ; SahaBrabucldhe and Co-workers, 
loc. cit . ; Desai, 1933 ; Garlach, 1934 ; Vandecaveye and Villanueva, 1934, 
Wilshaw, loc. cit. ; and others). 

The magnitude of experimental error attaching i>o investigations of this 
kind is a function of two probable errors, namely, (1) the laboratory error, 
i.e. the error of analytical determination, and (2) the field error, which is the 
error due to the normal variation in the composition of the soil from point to 
point in the field. The former may also include the error of sampling from 
the laboratory sample. In the present communication it is proposed to 
examine the significance of these two factors in regard to the nature and extent 
of the changes in soil nitrogen. 

Thb Ebbob in Analytical Mbthods of Nitrooen Dbtbbmination. 

Total nitrogen in soils is usually determined by the Kjeldhal method. The 
applioation of this method to soils has generally been considered to be reliable 
until Bal (1926) showed that certain types of soils — such as those of the black 
cotton areas of the Central Provinces in India — ofiEer considerable resistanoe 
to acid digestion and yield invariably low and inconsistent estimates of total 
nitrogen. He showed that this was due to inadequate penetaration of the 
soil by concentrated sulphuric acid and recommmided pre-treatimmt with 
water to overcome this difficulty. Higher and more consistent estimates 
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of nitrogen were thus obtained. The significance of this important observa- 
tion was not first realised^ due probably to the impression that it related only 
to a particular type of soil. The later observations of Sreenivasan (1932) 
showed, however, that it applied to other types of soils as well. ‘ Dry * 
digestion generally yielded low estimates of nitrogen, whereas pre-treatment 
with water or, preferably, dilute acid led to smoother digestion and to higher 
and more consistent values being obtained. Thus, in Table I are recorded 
the values for total nitrogen obtained by the ‘ Dry ' and ' Wet ' methods 
for a number of Indian soils (Sreenivasan and Subrahmanyan, 1933), 


Tabub 1 

Nitf'ogen ootUenlif of aome tropical aoila aa determined by * Wet * and ‘ I?ry * methoda. 


Soil from 

Description 

Nitrogen as p.p-not. 
(averages) 

Diffei’enoe 
(' Wot 
‘ Dry ’) 
per cent. 

‘ Wot 

100 

* Dry * 

‘Wet’ 

Kottayam 

Ked gravel-auriaoe 

»78 

972 

-(0-7) 

Cuttack 

Low land "Surface 

754 

768 

4-1-8 

Kandy-Ceylon 

I#aterite-tea soil 

1,437 

1,471 

4-2*3 

Jaffua-Coylon 

Sandy -surface 

313 

322 

+ 2*8 

Dacca 

High land-surface 

820 

843 

4.2*8 

Kottayam 

Sandy-wet cultivation 

433 

442 

42*0 

Travarioor© 

Sandyloam-surfac© 

140 

144 

+ 31 

Tellioherry 

Kod Sandyloam-surface 

670 

692 

+ !•» 

Bangalore 

Lateritic-surfaco 

211 

220 

44*1 

Do. 

Rod loettn-surfaco 

536 

566 

45*3 

Punjab 

Rio© land-surface 

944 

088 

44*5 

Nasik 

Dry land-surface 

856 

908 

45*7 

Bangalore 

Light-surface 

901 

934 

43*5 

S. Bihar 

Alluvial-surface 

440 

470 

46*6 

N. Bihar 

Calcareous 

389 

419 

47*4 

Tindivanam 

i Loam-alkaline -surface 

175 

191 

48*2 

TeUicherry 

Heavy elay-aiu^faoe 

967 

1,040 

47*8 

Sholapur 

Light clay -surface 

297 

339 

412*4 

Mandalay 

Ricf> laml-surfoce 

472 

544 

413*2 

Nandyal 

i Ked clay -subsoil 

273 

313 

412*8 

Do. 

Do. surface 

248 

304 

418*3 

Nagpur 

Heavy black-surface 

648 

746 

413*1 

Sholapur 

Medium blaok-iubsoil 

326 

305 

417*5 

Do. 

i Heavy black-subsoil 

810 

411 

424-4 

Indore 

; Black eotton-aurfao© , , 

395 

533 

425*9 


Wliile invariably low and disooirdant values for nitrogen are obtained 
by the official * dry ' method, the inaccuracy of the estimate obtained os above 
is sometimes as high as 26 per cent. 

The advantages of pre-treatment with water are being recognised by other 
vorkers as well (Martin and Griffith, 1935 ; Wajkley, 1936 ; Ashton, 1936). 
Walkley (1936) has also recorded instances of certain Bnglish {heavy alka- 
line) soils which give highly inaccurate resultB by the tastial ' dry ^ method. 
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Similar errors are introduced in following the course of nitrogen trans- 
formations in the soil as may be seen from the following experimental results. 
Soil (100 g. lots) was treated with dried blood (corresponding to 60 mg. N). 
In one set of experiments, the specimens were moistened with water and 
maintained at 60 per cent saturation, while the others were treated with 
enough water to maintain the mixtures in a water-logged mndition . At stated 
intervals, samples were removed and the total nitrogen determined both by 
the official ^ dry * method and after pre- treatment with water (Table II). 


Table II 

Traneformations of nitrogen in »oiU, 



Method 

of 

diges- 

tion 

Total nitrogen iti parts por million (avovagos). . 

Treatment 



Time of days 



Stan- 

dard 

error 


0 

S 

15 

22 

29 

' ■' 1 

57 

1 

78 

Maintained at' f 
60 per cent < 
saturntion 

Water- logged ^ 

‘Dry’ 
‘Wot’ 1 

‘Dry’ 

‘Wet’ 

711 

730 

711 

730 

689 

724 

876 

714 

689 

700 

’638 

677 

655 

889 

589 

628 

645 

677 

.541 

580 

617 

659 

484 

523 

595 

626 

422 

489 

±0*2 

Small 

±1*2 

Small 


The difference between the values obtained by the two methods becomes 
increasingly prominent with time. This is strikingly so in the case of the 
water-logged specimens in which the loss of nitrogen on the 78th day is appa- 
rently 16 per cent more according to the * dry ’ method than by the * wet * 
one. The results thus show that the present official methods are not reliable 
for the accurate study of nitrogen transformations in soils. 

It has been observed by the present authors that even in finely ground 
and apparently homogeneous specimens of soils, such os are used for analytical 
work in the laboratory, the distribution of nitrogen is not uniform, so that 
it is not possible to obtain concordant estimates unless the entire specimen 
is mixed up repeatedly and carefully resampled from time to time. It is 
therefore to be recognised that the variability of the total nitrogen content 
of soils will not be great unless the method of determining total nitrogen is 
accurate and reliable. The present official * dry * method is not sufficiently 
accurate to oaufe app^ciable variability among a huge number of samples 
taken from a small area, and, as emphasised by Bal (1927), ‘ the important 
fia^ctor of the method of nitrogen determination has to be taken into oonsidera- 
ticm while formulating any conclusions regarding the work on nitrogen fixation 
in soils in gener«d and heavy soUs in particular \ 
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The Error in Field Sampung, 

The total nitrogen (contents of different plots (ll'X’ir) — apparently tHii- 
forni — and manured with farmyard manure at 22 lbs. per plot were examined 
by the authorH, from time to time, for a period of over 5 months during the life 
of a crop of ragi {Eleiicine coramna) raised on the plots. A number of samples 
were collected from each plot to a depth of 6'' and the different samples thus 
collected from each plot, at one time, were mixed together and treated as a 
whole specimen. They were then examined for their total nitrogen contents 
according to the method of Sreonivasan (1932) (Table III), 


Xablk 111. 

Nitrogen distribution in soil plots. 



llttto of sampling 

Mean and 

Plot 

I8th 

Sop. 

3rd 

Got. 

Ist 

Nov. 

Ist 

5th 

Jau. 

4fch 

Feb. 

standard 

deviation 


Nitrogen a« p.p.m. (averagers). 


A 

304 

553 

610 

613 

607 

585 

695 t -1 

B 

692 i 

515 

572 

553 

667 

647 

574 t 66 

C 

552 

.590 

580 

658 

570 

620 

576 t 24 

1) 

605 

810 

534 

673 

656 

525 

600 t 56 

e 

4B8 

483 

,350 

542 

674 

•MS 

.530 1 iOH 

F 

539 

539 

812 

617 

548 

525 

503 * 37 

G 

582 

550 


645 

609 

647 

606* 37 

H 

504 

858 

858 

528 

664 

558 

578 * 69 

lean and Std. 
deviation 

571 

562 

567 

591 

599 

581 


, 81 

i 

51 

92 

50 

43 

47 



The most striking observation to be noticed from the abo^e table is the 
great variation in the nitrogen content existing between the various samples 
within eaeh plot from time to time, and also in the different plots at the same 
time. Thus, taking the samples collected on 1st November, the coefficient 
of variability is sixteen, which means that over five-sixths of the total deter- 
minations may be expected to lie within the range on either side of the mean. 
In other words, the range within which five-sixth of the determinations may 
be expected to fall is 464 to 649 p.p.m. in this case. The extreme range 
would of course bo much greater. In a like manner, the variations between 
the nitrogen figures of the same plot at different intervals of time also appears 
to be considerable. Thus with plot B, the mean is 530 and the standard 
deviation 108, i.e., the coefficient of variability (C,V,) is about a fifth part. 

Similar results were obtained by the authors in regard to ^ ammonia , 
nitrate and organic matter contents of manured as well as unmsnured plots. 
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From a consideration of the analytical error involved in the study of 
nitrogen balance in the soil, Pfeiffer and Blanok (1913) have concluded that 
the non-homogenoous character of the soil is itself a serious factor which would 
cause large differences between duplicate deteminations or even 8ut?oes8ive 
samples. Robinson and Lloyd (1915), Waynick (1918), Prince (1923), Bear 
and McClure (1920) and others have also drawn attention to the existence of 
normal variations in the composition of the soil from point to point in the 
held. 

It would appear, therefore, that random specimens from a field or even 
a uniform plot of land would mot give concordant results and that a high 
sampling error may be expected. The values obtained for either independent 
speicimens from the same area or for mixtures representing collections from 
different spots would exhibit a variation which might easily be mistaken for 
periodic fluctuations in the land itself. 

Furthermore, the major part of the nitrogen of the soil is in organic form, 
being mostly derived from either added manures or plant residues decomposing 
in it. Since it is not possible in ordinary field practice to distribute the organic 
matter so evenly as to facilitate accurate sampling for analytical work, it 
would follow that although the total amounts of nitrogen spread over large 
areas may be the same, the quantities present in small samples collected as 
representative speoimens may vary considerably. Additional error is also 
introduced by cattle grazing or sheep-folding during off-seasons, thus resulting 
in the droppings being unevenly distributr^d over the surface of the soil. In 
assessing the influence of season on processes like nitrogen fixation the effects 
of different external factors on the movement of different soil constituents 
would also require careful consideration. Thus, it is well known that during 
periods of fallow, a large part of the nitrogen, particularly the soluble forms, 
moves into the sub-soil and does not become available until the planting of 
the subsequent crop. During the rainy season, the finer fractions containing 
the highest percentage of fertilising ingredients would Iw) washed from the 
surface of a sloping or uneven soil and carried to the lower regions exposing 
only the less rich, coarse fractions at the surface. Even on the same plot of 
land considerable variations in the distribution of different soil constituents 
can be brought about by washing or silting as the case may be. 

It is generally believed that among the nitrogenous constituents of the 
soil, only the nitrates are capable of periodic movement from one stratiun to 
another. In the ordinary soil, nitrates are present only in small quantities so 
that their movements may not lead to any considerable change in the total 
nitrogen content. There is evidence to show, however, that certain forms 
of organic nitrOgqn are also capable of movement through the soil. Soil 
albuminoids are generally insoluble in water, but they are partly peptised by 
dilute salt solutions. All soils contain soluble salts (though to varying extents), 
so that when rain or irrigation water soaks in, it dissolves the salts which, in 
turn, peptise a portion of the albuminoids, This action is no doubt helped 



238 A. SBIGENIVASAN & V. 80BRAHMA^JYAH : SOMK FACTORS IKBX.tTBKCING 


by the reaction of the soil. In soils of pH 7*6 or more, the poptising action 
win be more pronouncjod than in those of pH 7. Acidity of the soil (pH 6*5 
and below) may also help to facilitate the peptisation of certain forms of 
nitrogen. In this manner, there may be steady movement of organic nitrogen 
from one stratum to another in the soil. 

The quantity of organic nitrogen peptised at any one time may be compara- 
tively small ; but repeated action, as may be naturally expected during the 
months of heavy and continuous rainfall, may carry down a considerable 
portion of the organic nitrogen to the lower strata of the soil and, if the soil 
conditions permit, even shift it from one locality to another. When the dry 
weather comes round, the saline extract, together with the albuminoids, will 
be carried up to the surface layers through capillary action. This would 
suggest that during the post-monsoon period, and especially the Spring months, 
the surface layers of the soil will show an appreciable gain in nitrogen. In a 
like manner, the nitrogen content of the surface layers of a heavily irrigated 
field will show an appreciable increase as soon as the watering is stopped. 
This is actually what happens when the crop approaches the ripening stage 
and the reported increase in nitrogen at the time of and shortly after harvest 
(and which is attributed by some workers to a possible flow- back of nitro- 
genous constituents from the plant) may be accounted for by this phenomenon. 

The foregoing explanation may account for the apparent discrepancy 
between laboratory observations on the one, hand and fi^eld results on the 
other. The laboratory experiments are generally carried out in glass or China- 
ware so that the peptised nitrogen, if any, has no chance to move out of the 
system. There is, in consequence, no appreciable change in the total nitrogen 
content of the laboratory sample. On the other hand, the field samples permit 
of movement of nitrogen so that on taking the samples from the usual surface 
(0-3^) layers, one may find apparent loss of nitrogen in certain seasons and gain 
in others. 

Further work on this aspect of the problem is already in progress and it 
is hoped that the results will throw some fresh light on the mechanism of 
periodic fluctuations in the nitrogen contents of field samples. 

Bttmmary 

Studies on iKjriotlie changes in nitrogen contents of soils are compli- 
cated by two factors, namely the error due to analytical methods and the 
error due to soil heterogeneity. The significance of these two factors os 
affecting the interpretation of results obtained from field data ore fully con- 
sidered. The former can be overcome by adopting one of the improved methods 
of estimating total nitrogen. The error due to field experimentation can be 
overcome by repeating the experiment over long periods, by multiplying the 
rumber of plots in a given field, by examination of a sufficiently large number 
of samples and by statistically inquiring into the mathematical error involved 
in such determinations. 
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Evidence has been adduced to show that in addition to nitrates (which are 
present in comparatively small quantities) organic nitrogen present in field 
samples may move from one stratum to another and, under favourable condi- 
tions, even laterally from one area to another. This may at least partly 
account for the periodic fluctuations observed in the total nitrogen contents 
of field samples. 
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DETERMINATION OE NITROUS AND NITRIC^ NITROGEN IN SOILS. 


By K. Madhusudanan Pandalai, M,Sc., A./.G., Department of 
Bwchemistry, Indian TmtitiUe of Science, Bangalore. 

(Read at Symposium^ 1936,) 

Although t-he Importance of nilrites and nitrates in the bio(*heinioal 
transformations of the soil and their bearing on the physioiogy of the plant 
have been generally recognised, theni are yet very few methods for the accurate 
determination of these two forms of nitrogen. Moreover, the methods usually 
adopted for the drying, storage and extraction of soil are not adequate for the 
stability of nitrites, bo that the estimates usiuiUy obtained are very low. As 
the result of this, it is generally assumed that the nitrite content of the soil 
is negligible : indeed, very few work<?rs of the present day make a separate 
tjstimation of that form of nitrogen. 

Among the commoner methods, the best known and the one most largely 
used is that of Oiess-IJosvay, a colorimetric method. This is suitable only 
for the estimation of minute quantities of nitrites. The accuracy of estimation 
by this method is affected by the presence of organic matter. Among the other 
methods, those of Lunge, Kuhel, Davisson, Robin, Winkler, Cool, and Yoe, 
Pandalai and Rao ’ are the most satisfactory, but they are not applicable to 
soils. 

Nitrates are generally estimated by the phenol disulpbonic method 
(colorimetric) as modified by Cbainot, Pratt and Red field The reduction 
methods of determination are also numerous. Agreeing in principlei, they 
differ from each other cliiefiy in regard to the reagents employed for reKiuotion. 
All of them involve the conversion of nitrate to ammonia and the snbsequeni; 
determination of the ammonia. It is well known that if the soil extract 
contains any form of organic matter, particularly nitrogenous, there is great 
chance of these methods giving inaccurate results. 

In view of these and the need for more quantitative information regarding 
the occurrence and distribution of nitrites and nitrates in soils, the present 
work was taken up. 

I. Estimation of Nitkite. 

Stabilimtim of nitrite in soU mmpks. 

The method of air drying which is generally adopted leads to partial 
oxidation of nitritel Storage also leads to low estimates being obtained. 
It ia known that nitrites are unstable in acid media, moderately so 
under neutral conditions and quite stable in presence of free alkali. 
Indeed the conversion of nitrite to nitrate in solution is only a question 
of the pH oondiriem of the medium. The reaction is an autooatalytie one; 
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3 HK 02 =a 5 HN 0 g+ 2 N 0 +Ha 0 » The nitric oxide absorbs oxygen from the air 
and renders the reaction continuous. Thus 2N0+H20+0"->HN02+HN09 ; 
2HN0g+02-^2HN03 and these go on, so that unless the medium is maintained 
sufl&ciontly alkaline, the deterioration of nitrite is only a question of time» 
Thus, to ensure the stability of nitrites in the soil it is essential that the 
medium must be made alkaline. Among the alkalies, caustic soda or potash 
is useful but it also extracts large quantities of humic matter, which inter- 
feres with the subsequent estimations. Sodium carbonate shares the same 
disadvantage, though to a lesser extent. Caustic lime has been found to be 
a satisfactory reagent in stabilizing the nitrite present in soil samples. There 
is no doubt that some small quantity of organic matter is extracted by it, but 
that can be easily removed by subsequent treatment. In Table I are given 
the results of lime treatment of fresh soil samples and the results reveal the 
advantage of such pretreatments in preserving the nitrous nitrogen of soil 
samples. 

TABI.B 1. 


Effect of addition of Him on the MahilUy of nitrite added to the soil 


Treatment of 

Soil alone. 

Soil -f 10 
p.p.m. of 
nitrite N. 

Soil 20 
p.p.m. of 
nitrite N. 

Soil-I- 40 
p.p.m. of 
nitrite N. 

Nitnt:<^ N as oBtimatwi after addition of 

i6‘7 

16-7 

26-9 

46*6 

lime 

(6*9 

16-8 

26’4 

46'» 

Nitrite N as estimated after Htonding for 

r6-8 

16*7 

26-8 

470 

one week with lime 

f 6-9 

16*9 

26-8 

40-7 


Clarification and removal of organic matter. 

The alkaline extract is sometimes coloured (golden yellow) and must be 
specially treated to remove interfering organic matter. A number of reagents— 
alumina cream, charcoal, copper hydroxide, basic lead acetate, calcium carbo- 
nate, copper sulphate, potash alum — ^have been used for this purpose by 
various workers, A systematic study with several of these reagents in different 
combinations showed that with caustic lime, copper sulphate and basic lead 
acetate there was the twofold advantage in that they at once stabilised the 
entire quantity of the nitrous nitrogen besides clarifying and decolourising 
the solution. Even in the absence of lead acetate, a clear filtrate was obtained, 
but the filtration was very slow. The quick filtration combined with the easy 
wflbshing eliminate the chances of nitrites and nitmtes being retained in the 
precipitate. In Table II are given the results of experiments dohe with ah 
extract obtained after the above treatment. 50 gm. lots of soils were t^ated 
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in each case with nitrite corresponding to 20 p.p.m. and 06 p.p,m. of nitrogen 
respectively and the nitrite determined by the Griess-Ilosvay colorimetric 
method. 


TAitiiB: II. 


Bfftct of cUirifying agents. 


Description of 
Hoil Bample 

Clarifying agent 

i 

SO gms. 
soil alone 

Soil 4“ 20 
p.p.m. of 
nitrite N. 

Soil f 60 
p.p.m. of 
nitrite N. 

Bangalore, Sandy 

(a) Lirao alone 

7-6 

22-0 

6S*5 

loam. 

(fo) Lime Copper aulphaie 
(c) Limo+Copper eulphato-f* 

7-6 

23*4 

73-9 


Baeio learl acetate 

7-6 

27-0 

74*0 

Dry land Soil, 

i 

(a) Limo alone . . . . 1 

:hr) 

24*0 

70 

Bombay. 

(fe) IJmO“}- Copper sulphate 
(o ) L itne -j- Coj>per aulphatc -|- 

:i-o 

224) 

67 


Ba«ic lead acetah^ 

3-2 

23'2 

60 

Pyinnvoona, 

(rt) Lwne aloiio 

nil 

22 

67 

Burma. 

(6) Lime+Cnpiwr Bulphah) 

(c ) Lim<^ 4“ Coppt^r aulphat^^ -f 

nil 

22 

67 


BaHic lead acetate 

ml 

20 

66 


The efficiency of the copper-lead clarifying mixture was further f^^sted by 
adding certain forms of organic matter such as glucose and humic acid to the 
soil and testing the extract for organic carbon. In another set, the soil 
samples were treated with manures such as farmyard manure, bongay cake, 
hongay leaf, etc., and the decomposition allowed to proceed under conditions 
of both dry and wet cultivation. The resulting extracts w^ere also examined 
for their organic carbon content. It was found, however, that in none of the 
oases did traces of organic matter pass into the jfiltrates. The latter were 
perfectly clear and colourless. 

Eatimatim of nitrite by titrafion.^Somo experiments were next carried 
out to determine whether the nitrite in solution can be estimated by direct 
titration. Four methods were tried : 

(i) Direct titration against standard permanganate ; 

(ii) indirect titration against permanganate after addition of excess 

of ja-ci4ifi«>d hydrogen peroxide ; 

(iii) addition of excess of permanganate and back titrating the unused 

permanganate against ferrous ammonium sulphate; 

(iv) addition of excess of permanganate and determining the unused 

permanganate iodimetrioaliy. 
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Table III gives the results of these experiments. It may be noted tlxat 
direct titration against permanganate did not yield accurate results. This 
confirms the observations of previous workers (Cool and Yoe, loo, cit, ; 
Pandalai and Rao, loc, cit,) 


Tabi-k III. 


Soil ami TimtTnont 

Method employo<l 

i 

ii 

iii 

iv 

Bangalore Soil, 

Soil alone . . . . 

7-H 

6’4 

6*0 

6-5 


Soil+ 10 p.p.m. of nitrite N. 

18 

16*6 

170 

16-6 


iSoil f p.p.m. of nitrit-o N. 

42 

30-5 

40*0 

30-7 

Peaty m»il, 

Soil alone 

30 

240 

25 

24'2 

Travancore. 

Soil 4 10 f).p.m. of nitrite N. 

43 

34*8 

SCO 

34 8 


Soil 4" 33 p.p.m. of nitrite N, 

64 

63-2 

«0;0 

63-7 

Willingdtm Fann 

Soil alone 

nil 

nil 

nil 

nil 

Pastunt^ plot. 

Soil 4- 10 p.p.m. of nitrite N. 

10*6 

101 

10-2 

lo-o 


Soil 4- 33 p.p.m. of nitrite N. 

338 

33‘4 

33*4 

33-2 


Addition of oxcjess of acidified hydrogen peroxide and the titration of the 
unused peroxide proved a very satisfactory method. It must be emphasised, 
however, that all precautions have to be taken to prevent the deterioration 
of the hydrogen peroxide solution and to avoid its decomposition by surface 
catalytic action. Quick titration is another factor to be attended to. The 
determination of the nitrite by its oxidation by excess of pennanganate arid 
the titration of unused permanganate, either by ferrous ammonium sulphate 
or iodimetrically, also gave satisfactory results, though, in certain cases, the 
ferrous ammonium sulphate was found to be an unreliable reagent for practical 
2 >urposes. On the whole, the method (ii) outlined above is very reliable and 
gives ao<nirate estimates with different kinds of soils. 

Oxido^ian of nitrite by pofmsmm dichrormUe , — Since dichromate is a more 
stable retigent than j>ermanganate and since the chances of its reacting with 
organic matter are small, it was thought worth while to try to use dichromate 
for oxidising the nitrite in the extract. If a known excess is used, the balance 
after oxidation can be determined iodimetrically. The results in Table IV 
sh 9 w that diohromate is without action on cold nitrite, and that the mixture 
has to be heated at least to 80®C. before any rea^ction can commence. Even 
at higher temperatures, the heating has to be continued for soxne time before 
the reaction can proceed to completion. 
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Tabxm IV. 


f>/ if ftiperaturfi on the oxArltUion of niirite by an axid jgolulwn of 
potasmtim dichroimite , 


Hoated for 10 tnirmt-OH at 

Nitrito N. as esfcimat^Hl* 

(in mg.) 

Nitrite as estimatt^df 
(in mg.) 


nil 

nil 

40° j 

6-79 

12*86 

60° ! 

503 

13*50 

60° 

6-79 

13*89 

70° 

6-79 

13 76 

.80° 

5-27 

1402 

90° 

5-20 

13*50 

100" 

5-47 

13*50 

Boiling vigoroiwly 

5-29 

13*50 


It is thus soon that conditions are yet to be standardised under which tho 
oxidation of nitrite by acidified dichromate solution can take phice quanti- 
tatively. Now, even if it were possible to make the reaction quantitative, 
there would still have been the inherent difficulty of heating the solution 
and cooling it, the whole process being very t-edious and unsuitable for routine 
work. 

Oxidation of nitrite, by hydrogen peroxide . — There are numerous references 
to show that nitrites are quantitatively oxidised in acid solutions to nitrates 
by hydrogen peroxide and that the oxidation is instantaneous. Some experi- 
ments were done first with pure sodium nitrite solutions and then with soil 
extracts to wliioh nitrite solutions were added. The solutions were made 
just acidic and a known excess of the peroxide added (30% Gewichte perhydrol 
from E. Merck) followed immediately by a large excess of sulphuric acid (1 : 1). 
The solution was shaken well and forthwith titrated against; standard per- 
manganate. The results of a few oxxieriments are given in Table V. The 
method works very satisfactorily both with pure solutions and soil extracts, 
A blank determination with all the reagents and with tho soil sample should 
be done. It was found that, by adopting constancy of conditions and careful 
avoidance of factors which bring about the decomposition of hydrogen peroxide, 
excellent results of an easily reproducible nature could be got. The only diffi- 
culty, however, is in maintaining a stock solution of hydrogen peroxide but it 
is now well known that a hydrogen peroxide solution in normal sulphuric 
acid is perfectly stable for 3 weeks. Nevertheless, either freshly prepared 
solutions or frequent standardisation of stored solutions are desirable as 
safoguards. 


*i5xp(?cteii value, 7*44 ing. t Expeotod vaUw>, 14'02 mg. 
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TABI 4 K V. 



Nitrite nitrogen estimated 
after necessary correction 



for blank in the case of 


Source of nitrite nitrogen 

soils 

Percentage 

oxidation 


Ad<iecl 

Found 



{in mg,) 

(in mg.) 


Pure sodium nitrite . . 

6-9 

6*9 

100 


6-9 

6*9 

100 


13R 

13*8 

100 


1.3*8 

13*6 

98 

Pure nitrite added to 50 gms. of black 

6*9 

6*8 

98*5 

cotton soil. 

6*9 

6*7 

97*1 


13*8 

13*2 

95*8 


13*8 

13*8 

100 


13*8 

13*8 

100 

Dry land soil, Nawik, Bombay 

6*9 

6*8 

98*5 

13*8 

13*7 

99*2 

Kari soil, Travanooro 

6*9 

6*4 

92*8 


13*8 

13*6 

98*0 

Sandy loam, Bangalore 

6*9 

6*9 

100 


6*0 

6*8 

08*5 


13*8 

13*8 

100 


13*8 

13*8 

100 


General procedure for esHmcUion of nitrites . — Based on the foregoing 
observations, the following procedure has been developed. The soil (50 gms. ; 
wet or dry) is treated with 30-40 c.c. of caustic lime (60 per cent suspension) 
and sufficient quantity of water to bring it up to a homogeneous suspension. 
The latter is well stirred and then treated with 2-4 c.c. of copper sulphate 
(10 per cent solution) and bade lead acetate (1 to 3 c.c. of a 10 per cent solution) 
respectively. More water is added if necessary and the suspension again well 
stirred and filtered through Buchner. The filtrate which should be clear and 
colourless is then treated with standard permanganate in excess followed by 
dilute sulphuric acid in excess. The mixture is well shaken and then treated 
with potsbsdum iodide (2 to 5 c.o. of a 10 per cent solution). The iodine liberated 
is titrated against standard thiosulphate (0*05 N) in the usual way. 

In the case of wet soils, the general prooedpre wiH be the same except 
that the moistiire will have to be determined on a separate sample and the 
calculation made in the usual way. 
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Nitrite, estimation m some Indian soils . — ^Applying the prooedui*e detailed 
above, the nitrite content of some representative Indian soils (air dried samples) 
were determineti. The results are presented in Table VI, In each case nitrite 
nitrogen amounting to 70 p.p.m. was added in the form of sodium nitrite 
solution and the values given in each case indicate the nitrite nitrogen re- 
covered by the respective methods (after correction for the actual nitrite 
content of the soils). 

Tablis VI 

N it r Ur. af some Indian soils 


|)ftRp,ript.inn (if noil 

Nitrite 
(in p.p.m.) 

as osti- 
i mated by 
the Griess- 
IloBvay 
method 

! 

1 Nitrite 
(in p.p.m.) 
as esti* 
mated by 
the new 
method 

Deseriptiofi of soil 

Nitrite 
(in p.p.m.) 

as esti* 
mated by 
the GriesB- 
Ilosvay 
method 

Nitrite 
(in p.p.m.) 
as esti- 
mated by 
the new 
method 

lied sandy loam, ] 
Bangalore 

69 

70 

Alluvial soil, 
Travanoore 

64 

70 

Dry land soil, 

Noaik, Bombay 

69 

69 5 

Upland farm, 
Cuttack 

69 

69*5 

Kari soil, Travan- 
oore 

65 

70-4 

Pasture Plot, 
Wellington Farm 

69 

70 

Caloareoua soil, N. 
Bihar 

69 

70 

Upland soil, N . 
Bihar 

69 

69-9 

Dovt. Wheat Farm, 
Jaoobabad 

68 

08‘9 

Block cotton 8i>il, 
Nagpur 

68 

70 

Wheat and sugar - 
oane soil, Punjab 

66*4 

69-5 

Burma, Pyinm- 
<!ona 

66 

69-5 


There was very close agreement between the duplicate values obtained 
by the new method. The average values (as may be seen from the above) 
were also higher than those obtained by the Griess-Ilosvay method. In the 
new method there is the added advantage that the estimation can be carried 
out with faidy large quantities of soil so that the chances of error through 
sampling are greatly reduced. 

It may be mentioned, however, that in ordinary practice it would be 
desirable to estimate nitrite on the fresh sample. If the determination cannot 
be carried out immediately, the soil should be treated with calcium hydroxide 
and the wet suspen^on stored as such until the estimation can be taken up. 
As is well known, drying leads to oxidation of a part of nitrite, so that the 
estimates as obtained on air dried specimens do not generally convey a correct 
idea of the original nitrite ocratents of soils. 

Although the procedure adopted for clarifloation is efficient in removing 
humic matter and interfering albuminoid substances, it stfll appeared probable 
that a few soluble forms of organic matter may pass into the ffltrate and inter- 
fere with the accuracy of the estimation. Among these, amides and amino 
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acids may Ik? reasonably expected. In the previous experiments, where freshly 
decomposing forms of organic matter were added to the soil, it was observed 
that not oven a trace of any organic carbon passed into the filtrate. Experi- 
ments with urea and glycine up to a concentration of 10 p.p.m. of nitrogen 
showed that these substances did not interfere with the estimation. Addition 
of fairly large amounts, however, did interfere with the accuracy of the estima- 
tion, but sucli quantities do not ordinarily exist in any soil, 

IT. DETKRMTNATrOK OF NlTRATE. 

Nitrates are generally extracted together with nitrites and, as the extracts 
are practically free from organic matter, the same samples can also be used 
for the determination of nitrates. The estimation may be carried out either 
on separate portions of the extract or on the same sample. Tn both the 
cases, the estimate will represent the combined nitrite and nitrate nitrogen. 
By a separate determination of the former, the latter can \ye calculated. 

In the usual proc/cdure for the estimation of nitrates by ti trimetric method, 
all interfering organic substances have to bo destroyed by oxidation. It is 
generally recognised that destruction of organic matter by reagents such as 
alkaline permanganate is extremely slow and tedious, prolonged boiling for 
several hours being required in many cases. The subsequent reduction of 
nitrate to ammonia especially in alkaline medium is very inconvenient and 
often requires rodistillation. The most efficient reducing agents such as 
aluminium or Bovarda’s alloy are so vigorous in their reaction that the alkali 
is meohaui(jally carried over as spray during distillation. The procedure 
described l>elow eliminates both the above mentioned defects. 

The aqueous extract of soil obtained in the manner described above 
is treat^ed with caustic alkali solution in excess and boiled for about five minutes, 
to remove tracics of ammonia which may be present. It is then cooled and 
distilled with Bevarda’s alloy. The reduction goes on smoothly and to 
completion. This is traceable to the small quantities of the lead salt originally 
added as the clarifying agent. A thin coat of lead is formed around the reducing 
agent and thus mitigates the vigour of the action. Addition of large quan* 
titles of lead to the extract will no doubt lead to the formation of thicker 
coats of lead around the alloy and thus prevent interaction with the alkali, 
but the small quantities such os are present in the soil extract helps to moderate 
the reaction without impairing the efficiency. 

The above observations are of considerable practical interest. In the 
usual procedure for the estimation of nitrates by reduction with Bevarda’s 
alloy or aluminium, the distillation has to be carried out slowly and with 
considerable care. Even then it is difficult to prevent traces of alkali being 
meohanically carried over into the distillate. Addition of small quantity of a 

salt, preferably the acetate (1-8 c.c. of a 10 per cent solution) is highly 
effective in eliminating this defect. In place of the lead salt any other ineftol 
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which can displace aluminium or zinc can be used. The following are some of 
the results obtained by the modified pro(jedure (Table VII) when applied to a 
few representative Indian soils. In each case, nitrate nitrogen amounting to 
70 p.p.m. was added in the form of a potassium nitrate solution and the values 
given in the table indicate the nitrate nitrogen recovered in each case by the 
respective methods (after correction for the actual nitrate contents of the 
soil). 

Tablk VII. 


NiTttAT® Nitrogen in parts per Mn:,t.ioN as estimated by 


DoBoription of 
soil sample 

Phenol disulphonic 
acid method after 
clarification 

Ilevarda’s alloy | 
method { 

The procedure [ 

described in this | 
paper j 

Description of 
soil sample 

Phenol disulphonic 
acid method sSter 
clarification 

Devarda’fl alloy | 
method j 

—i 

The procedure 
described in tliis 
paper 

Dry land soil, Kasik, 




Upland soil, Otittack 

70-07 

71 

70 

Bombay 

74 

73 

71 


68-80 

71 

70 


72 

74 

71 





Calcareous soil, N. 

72 

73 

71 

Wellmgton Fann, 

71 

72 

71 

Bihar. 

72 

72 

72 

Pasture Plot. 

70 

73 

71 

AUuvial soil, Tra- 

70 

70 

71 

Black cotton soil, 




vawoore. 

72 

73 

72 

Nagpur, 

60 

71 

70 

Red sandy loam. 

70 

72 

71 i 

Kliamba village, sur- 

72 

73 

72 

Bangalore. 

71 ! 

73 

71 I 

face soil, Ahmed - 

73 

74 

72 





abad. 




Kari soil, Trsvoncoro 

74 

70 

75 

Upland soil, Gorakh- 

70 

71 

70 


78 

76 

76 

pur. 

69 

71 

70 


76 

76 

76 





Wheat and sugar- 

08 

00 

07*6 

Pyinmcona, Burma 

08^0 

72 

68-9 

cane soil, Punjab. 

08 

89 

88-6 


69*0 

74 

08-9 





Upland soil, N. Bihar 

69-0 

70 

70*0 






700 

72 

09*8 


The advantages of the procedure described above may be enumerated as 
follows : — (1) The entire quantity of the nitrite present in the soO system can 
be extracted. (2) The filtration of the extract is very rapid ; the filtrate is 
odourless and completely free from organic matter. (3) The nitrate can be 
easily estimated by an accurate method of volumetric titration where the 
chances of error awre at a minimum. (4) The extract can be used either as such 
or after estimation of nitrite for the determination of nitrate as there is no 
interfering organic matter. (5) The entire procedure including extraction, 
fiftration and the find estimation can be carried out in to 2 hours so that 
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with three or four sets of apparatus a large number of determinations can be 
completed in the course of an average working day. 

SXTKMARy. 

(1) A direct volumetric method for the estimation of nitrite and nitrate 
in the same sample has been described. By pretreating the soil with a small 
quantity of slaked lime the nitrite is first stabilised. By adding a clarifying 
mixture consisting of copper sulphate and lead acetate together with excess 
of slaked lime, organic matter and other interfering substances are removed. 
The nitrite in the filtrate is estimated by addition of excess of permanganate 
or hydrogen peroxide (in acid solution) and back titrating the tinused portion, 

(2) The procedure can be extended to include nitrates. An aliquot of 
the aqueous extract is boiled with alkaline permanganate for a few minutes and 
then distilled with Devarda’s alloy or aluminium in the usual way. The small 
quantity of lead present in the extract forms a light coat around the reducing 
agent and thus renders the distillation smooth without impairing the efficiency 
of reduction. 

(3) The methods described above have been utilised for the determina- 
tions of nitrites and nitrates in a number of tropical soils. It is also eminently 
suitable for the study of the changes in different seasons and at various stages 
both before and after manuring. It can be applied to the study of nitrogen 
transformations in the swamp soil, especially in the earlier stages of puddling 
when the conditions are favourable for the reduction of nitrate. 

This work was undertaken at the suggestion of Professor V, Subrahmanyan 
and my sincere thanks are due to him for his kind interest and helpful oritioisra. 
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V. Subkahmanyan, DBc., F.LC.y Department of Biochemiairpy 
Indian Institute of Bciencey Bangalore. 
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The importance of the determination of nitrogen, as an item of analytical 
procedure in agricultural and allied biochemical researches, has been recognised 
for a long time. In the study of plants, animals or microorganisms ; in the 
evaluation of foods, feeding stuffs, and fertilisers ; in the examination of water, 
sewage and soil, it is an essential operation without which no useful conclu- 
sions can be drawn. It will be no exaggeration to state that in pure research 
alone (apart from routine estimations which ore not published) several 
millions of nitrogen determinations are being carried out annually m different 
parts of the world. 

A considerable amount of attention has, therefore, been devoted, duruig 
the past fifty years, to the development of rapid and accurate methods for the 
determination of nitrogen. Of the several methods that have been proposed, 
the one originally developed by Kjeldahl (1883) and subsequently modified 
by Arnold (1887), Gunning (1889) and others, is the best known and has found 
the most favour with soientifio workers. The procedure is, however, slow 
and tedious, especially when resxstent materials of the typo of soils, cereal 
husks and yeasts have to be digested. Besides, it presents a very objectionable 
feature — ^the production of acid fumes — necessitating the digestion being 
conducted in a fume chamber. 

Digestion with concentrated sulphuric acid was considered to be quan- 
titative tin Bol (1935), working with the Black Cotton soils of the Central 
Provinces (India), showed that the results thus obtained were low and dis- 
cordant. He also foimd that pre-treating the soil with water' greatly improved 
the conditions, facilitating smoother and quicker digestion and yielding higher 
and more concordant results. 

Sreonivasan (1932, 1933, 1934) confirmed Bol^s findings and further showed 
tJhtat it applied to other types of soils as well. The low values obtained by 
*dry’ digestion (with concentrated sulphuric acid) have been shown to be 
due to the formation of impenetrable protective coats of silica around un- 
vested soil particles. Pre-treatment with water or dilate (1 : 1) acid prevents 


' Some peoeut workers (Martin and Orifflth, 1935, 54, 234T { WaUdey, 

if. Agrie. Bd.y 1985, 25, 398) have rooogowed the advantages of pre-treatment with water. 
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the formatioa of such coats and facilitates easy penetration, so that the soil 
is fully digested by the acid. The ‘ wet * digestion can be greatly accelerated 
by the addition of small quantities of oxidising agents like hydrogen peroxide. 

Marking, as it does, a very important advance in the field of analytical 
chemistry, still the ‘ wet * digestion has not got over the chief objectionable 
feature in the original Kjeldahi method, viz,, the emission of acid fumes. It 
is because of this reason, and the possibility of conducting carbon and nitrogen 
determinations on the same sample, that the sulphuro- chromic acid digestion has 
attracted the attention of many workers, especially during the past few years. 

The results obtained by some of the previous workers (Anderson and 
Schutte, 1924 ; Brown, 1926 ; Tiurin, 1933 ; llobertsou and Shewan, 1936) 
with the residue after sulphuro-ohromic acid digestion for organic carbon 
have been very discordant. In view of these divergent results, a critical re- 
examination of the problem was undertaken by the present authors. 

Narayanayya and Subrahmanyan (1036) have shown that direct distilla- 
tion of the chromic acid digest (such as that left after wet combustion for 
organic carbon) with alkali gives low values for nitrogen and that bettor 
estimates can be obtained by treating the residue with reducing .agents such 
as zinc or reduced iron prior to distillation. They have also shown that 
chlorides present in the material to bo digested cause loan of nitrogen probably 
due to the interaction of hypochlorous acid and ammonia. The addition of 
mercuric oxide has been found to overcome this defect. Based on these 
observations, tliey have outlined a method for the determination of nitrogen 
by chromo-sulphuric acid digestion. 

The recent researches of Shewan (loc, ciL), Acharya (1935, 1936) and the 
present authors (1935, 1936) have shown that there is loss of nitrogen if the 
chromo-sulphurio acid digestion is carried out in the usual manner. Wlien 
the soil is heated continuously with dichroraate, water and acid — especially 
when the initial heating is slow and the digesting mixture is not properly 
refluxed — the values for nitrogen thus obtained are lower than those secured 
by the Kjeldahi method. This loss has been traced by us to the intermediary 
formation and subsequent decomposition of ammonium dichromate : — 

(NHjjSO^+X^CrjO^— ^(NH4)*Crj0^+Xj804 
(NH^ljCr.O^ — ►Ng+Cr,0«+4Hs0. 

This observation is supported by direct experiments with ammonium 
sulphate and potassium dicliromate as also with ammonium dichromate in 
sulphuric acid media. The formation and subsequent decomposition of 
ammonium dichromate occur when the potassium dichromate (or chromic 
anhydride) is added to a cold or moderately hot mixture of soil, acid and 
water. If, on the other hand, the oxidising agent is added to the boiling 
mixture of soil and acid and the heating is resumed immediately, the interme- 
diate compound is not formed and, consequently, there is no less of nitrogen 
Table I). 
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Tablb I. 


JSffeU of addition of dicfyrotnale at different utagm. 


1 

Soil from 

Total Nitrogen in parts per million 

Pro-hoatirjg to 

(Kjoldahl 
* wot * 
ciigofltion) 

No 

pro -heating 
(control) 

80^ 

Boiling 

Tanjoi*6 

771) 

780 

793 

793 

Nilgirifl 

1722 

1767 

1818 

1816 

Kandy 

1700 

1716 

1766 

1704 


Based on the above observations, we have developed the following pro- 
cedure for the determination of nitrogen in soils and biological materials, 
A known amount of the material to be digested is placed in a flat or round- 
bottomed flask — preferably the one which is to be used subsequently for the 
distillation — with 2 g, of mercuric oxide (red or yellow variety), 15-20 o.o. of 
distilled water and 40 c.c, of pure concentrated sulphuric acid. The flask is 
fitted with an air or water-cooled condenser, and the mixture raised to boil. 
After boiling for a minute or two, the flame is momentarily removed and 5 g. 
of potassium diohromate (or the equivalent quantity of olcromie acid) are added 
to the mixture, The heating is resumed immediately and continued for a 
further period of 30 minutes. The contents of the flask are allowed to cool 
for about 6 minutes (without removing the condenser), then diluted to about 
300 o.c. with distilled water, and reduced by excess of sodium sulphite until 
a black scum is formed. The mixture is then boiled for a few minutes after 
which zinc (about 2 g.) is added and the boiling continued for a further period 
of about 5 minutes. It is then cooled and distilled with excess of alkali in 
the usual way. 

The method has been applied to the determination of the nitrogen contents 
of various Indian soils and commoner biological materials. The results have 
been given in Tables II and III. 

It has been found (Harihara Iyer and Rajagopalan, 1 936) that the estimates 
obtained by the new method include not only organic nitrogen but also nitrate 
up to 300 parts per million. Since most soils or biological materials contain 
only minute quantities of nitrates, the method is quite suitable for the esti- 
mation of total mtrogen in such materials. In this connection, the behaviour 
of zinc as a reducing agent is of special interest. In ordinary acid media 
sdnc reduces nitrates to nitrites, which, on heating, are decomposed resulting 
in loss of nitrogen (as nitrous fumes— NOj and NO) from the medium. After 
^e«treat 3 n^t with sulphite, however, and in presence of chromium salts, 
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Table II. 


Description of soil 

Total Nitrogen 
in parts per 
million 

Expected^ Found 

Sitid (WilUngdon Cattle Farm) — Alkali soil — ^greon manured 

520 

522 

Tanjnre (Madras) — deltaic area — alluvial — surface . . 

703 

793 

Nondyal (Madras) — red clay — surface 

206 

296 

Cuttack (Orissa)— -upland — 'Surface 

300 

402 

Oaya (S. Bihar)- lowland, paddy— surface 

461 

451 

J acobabad — Oovt. wheat fanu — surface . . 

307 

304 

Tindivanam (Madras) — dry land— surface 

138 

138 

OorakhpuT'— lowland — surface 

848 

850 

N. Bihar— paddy land— surface 

643 

640 

Devarshola (Nilgiris) — estate— surface . . 

1,819 

1,821 

Kandy (Ceylon)-— paddy land -sub-soil . . 

1,769 

1,767 

Dharwar (Bombay) — old area — sub -soil 

537 

537 

Sholapur — heavy black — surface 

244 

242 

Jaffna (Ceylon)— sub-soil 

397 

300 

Dacca — highland-cultivated sub-soil . . 

700. 

702 

Chirakkal- sandy loam — surface 

315 

315 

Travanoore — alluvial — surface 

1,972 

1,»73 

Sind — uncultivated — surface 

352 

350 

Bangalore - gravelly soil- -surfaco 

850 

850 

Nagpur — black ootto!» — surface 

420 

422 

Mandalay (Burma) — paddy -sub -soil 

330 

340 

Punjab --Baraui area— sub-soil 

542 

542 

Ahroedabad—Karnbha village — sub-soil.. 

304 

397 

Chota Nagpur — lat^ritc — sub-soil 

200 

209 

Bolgaum — cultivated -^ub -soil 

466 

466 


Table HI. 



Total Nitrogen 


per cent. 

Material 




Expei^tedt 

Found 

Cyauamide 

16-61 

le-oo 

Dried Blood 

1238 

12'41 

Oro\uidiiut cake . , .. 

7-72 

7-68 

Lantana leaf 

2-80 

2*81 

Paddy husk . . , . . . 

0-27 

0*27 

Bagi straw 

0-52 

0*62 

Yeast 

665 

5-65 


• Tnolmling nitrates (SreonivAsan* /ivl. /n««. lt^6, ISA^ 2fi). , 

t BreenivAwa, Xwi, 7<mr. A0riii, Soe^t li 62^. 
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there is pr^otioally no loss of nitrogen. This is traceable to the interaction 
of hydrogen sulphide (resulting from the reduction of minute quantities of 
sulphur dioxide loft in the medium) with any nitrite that may be formed > 
yielding hydroxyalmine and ammonia. 

Hydroxylamine combines with the chromium in the digest and is thus 
prevented from interaction with any fresh nitrous acid that may be formed* 
The products are finally reduced quantitatively to ammonia, so that there 
is no loss of nitrogen from the medium. In Table TV arc given some results 
which will show how added nitrates can bo estimated, fairly accurately, by the 
now method. 


TAm.E IV. 


Do«cription of Soil 

r 

Soil 

alono 

Soil + Nitrate (as p.p.m, of nitrogen) 

50 

100 

160 

200 

260 

300 

Nagpur — Blaok cotton 

42a ■ 

476 

620 

569 

032 

680 

721 

Hangaloro — gravelly soil 

552 

000 

064 

700 

740 

798 

850 

Mandalay — alluvial . . . . 

840 

387 

440 

48« 

544 

582 

630 


A comparative study (Figs. 1 and 2) of the rates of digestion of soils by 
the different methods shows that the chrorao-sulphurio acid digestion is 
extremely rapid, more than 95 per cent being digested in the first five 
minutes. The digestion of the remaining part is generally complete in under 20 
minutes and in no case is it necessary to continue the heating beyond 30 
minutes. Wet digestion, supplemented by hydrogen peroxide, follows next 
in order, the digestion being complete in to 2 hours. Pro-treatment with 
1 : 1 acid followed by the usual Kjeidahl digestion is complete in under 
hours. The official Kjeidahl (dry) digestion is generally incomplete even at 
the end of 4 hours. The estimates finally obtained by that method are also 
lower than those secured by the other methods. 

The procedure is quite simple and rapid. As no fumes are evolved, the 
digestion can bo conducted at the working table itself. Given a number of 
distilling seta, an average worker can complete over two dozen determinations 
in the course of a working day — an achievement which would be impossible 
by any of the other known methods. 

A fiirther advantage of the ohromo-sulphurio acid method lies in the fact 
that it can be combined with the determination of carbon. We have indeed 
shown, in a recent commimioation (1936), how, with a modified type of 
apparatus, carbonate, oiganic carbon and total nitrogen can be estimated in 
the same sample. Such an elegant and rapid {nrooedure is of great advantage , 
especially in the study of problems relating to the carbon and nitrogen trmB- 
formations in sofls and biological media. 
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THE NTTBOGEN STATUS OF THE SOILS OF BURMA. 


By S. P. Ajyaii, R.A., Ph.D. (Land,), AJ.O,, Agricultural OoUege^ 
Mandalay, Burma. 

(Read at Sympoaium, Augusi 

iKmODUOTOKY. 

Tho association of iiitrogori with tho organic matlor' of tho soil is so intimate 
that it is usual to (ionswier a soil rich in organic matter to be also rich in 
nitrogen. 

Soil organic matter arises from the decomposition of plant and animal 
residues falling on the soil. Tho subject has been illuminated notably by the 
researches of Remezov [1933 1 in Russia and of Waksiuan and his oo -workers 
in U.S.A. Tho various factors which determine the character of the equili- 
brium product, soil organic matto*, have been discussed by Waksman and 
Starkey [1931] and by Waksman [i93b, p. 02], Our knowledge of the 
organic matter of the tropics is meagre. The general principles of decom- 
position of organic matter may be the same in the tropics as in temperate 
regions. But in contrast with the temperate regions, tho largest crop in 
the tropics is rice which is cultivated under water-logged or partially anaerobic 
conditions. Sufficient is known, however, to indicate that the changes which 
organic materials undergo in water-logged conditions are different from those 
imdor aerobic conditions. 

The conditions regulating the humus content of soils in the tropics wen) 
stated by Mohr [1929] and later experimentally verified by Benstius [1930]. 
According to Mohr humus can accumulate only at temperatures below 25°(1, 
in a properly aerated soil. Under water-logged conditions, however, humus 
can accumulate until a temperature of about 35®0. is exceeded. Jenny [1932] 
has also formulated a law according tio which the nitrogen and organic! matter 
content of a soil are shown to bo functions of tho temporaburo and liumklity. 
Tho nitrogen content of the soil decreases exponentially with tctaporaturc. 
One may therefore exj[>ect low nitrogen figures for tropical soils. According 
to Jenny’s law, tho nitrogen content increases logarithmicaUy with increasing 
humidity if the temperature remained constant. The advantage of a high 
liuiuidity factor is however rendered nogUgible as temperature stHJms to control 
the nitrogen to a much greater extent. However, Jbnuy’s law applies only 
to aerobic conditidns. Water-logged conditions tend to accumulate organic 
mat W as well as nitrogen, because tmder those conditions the microfiora 
seem to bo able to work with a much smaller amount of nitrogen than that 
tequired by them under aerobic conditions. 


(Fubliahed April 28th, 1937. 
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The Soils of Burma. 

The soil receives raw organic material from the vegetation growing on 
it. The vegetation in turn depends on the climatic and other factors con- 
cerned, namely, rainfall, temperature, altitude, drainage, soil reaction, soil 
texture and so on. The first three are regional factors. 8o far aa Burma is 
oonoemed. the mean temperatures are almost uniformly high, except in the 
Shan Plateau where the altitude of 3,000 feet keeps down the mean tempera- 
ture by several degrees. The rainfall distribution varies widely and seemK 
to control the nature of the vegetation. Stamp and French (1929) have 
clasBitied the vegetation of Burma on the basis of rainfall and altitude. The 
chief divisions are : — 

1 . The Dry Zone ; Rainfall 40 in. or less. Small trees and shrubs 

form the natural vegetation. Cotton, millets, jo war, maize, 
peas and beans grow readily. Rice and siigar-cane can be grown 
but require irrigation. The toddy palm grows well. 

2. The Region of the Monsoon Forest. The rainfall exceeds 40 in. 

but does not exceed 80 in. The trees are deciduous and include 
teak, pyinkado and other, hard woods, as well as the bamboo. 
A great deal of the area is covered by forest but sugar-cane, rice, 
sesamum, tobacco and other crops are extensively grown. 

3. The Delta Region or Region of Mangrove Forest. The rainfall 

ranges from 80 to 120 inches. Most of the land is liable to floods 
and marshy conditions prevail during the rains. The area near 
the sea and creeks carry mangrove forest cover but a very high 
proportion of the area is devoted to rice cultivation. 

4. The Region of Evergreen Forest. The rainfall ranges from 100 to 

225 inches. The trees are green throughout the year, they are 
often of very large size and their wood is very hard. The area 
is too wet for teak and pyinkado. Most of the lowlying land 
is cultivated. Rico is the ahief crop. Rubber ami rnango- 
steens are grown on upland soils. Cocoanut palms are important 
near the sea. 

5. The Shan Plateau. The altitude is about 3,0(K> feet or more. The 

rainfall varies from 50 to 60 inches. The soil is a red loam 
derived from dolomitic Jimostoae and other hard rocks. On the 
hills there are evergreen forests consisting of (jaks and pities. On 
flat or roUing land grass is the oh ief vegetatum, Ri<x» is onlti vated 
in the valleys but the area is well suited for the growtli of coffee, 
tung oil tree, oranges, pears and other fifuits, vegetables and a 
large variety of flowers. In contrast to most of the soils of the 
aUiiviai plains of the lowlands whitjh are generally badly drained, 
the amis of the 8han Plateau are well drained except perhaps 
in the yalleya. 
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A general account [Aiyar, 1936] of the agriculturally important soils of 
Burma has been published recently. Detailed surveys have been published 
for the most important rice areas in Burma [Charlton, 1931 (a), 1931 (6)] as well 
as for sugar-cane [Charlton, 1935]. An important monograph on the vegeta- 
tion and soils of a largo monsoon forest area is also available [Barrington, 
1931]. Besides those, the reports of the agricultural farms, the season and 
crop reports, the Gazetteer of Burma, and the Atlas of Burma are useful 
sources of information. 


The Nitrogen CoTUent of th^ Soils of Burma (Table I), 

Since the humus and nitrogen contents of a soil depend upon the vegetation 
the soils are grouped below on tlie basis of the vegetation groups. The rain- 
fall and the pH values are also tabulate<l. The pH is a useful guide as it may 
indicate whcjther a soil contains appreciable amounts of lime or whether the 
soil is so acid as to suppress tl^e bacteria and encourage the fungi. The 
texture of the soil may be expected to modify the rate of humus formation 
by regulating drainage and aeration. The value of the texture is stated in 
terms of the sum of the percentages of clay and silt (Alter berg) or of clay 
and fine silt (British). Although there objections to tivis method, it is 
probably as good as any ol.lrer. 


Taulb I. 


The 'Nitrogen Oontmts of the SoUet of Burma 


Locality 

OopH 

Kain- 
tall ill 

pH 

c% 

N% 

Texture 


inches 






The J>ry Z<me 


Kanbalu Fann 

** ‘ • 

Chiba Form (irrigated) 

ff * ‘ 

Padu Farm. Black 
mil (Marshy) 

Padu Farm. Hod soil 
‘ (ou slope) 
Nabohla-Shwebo 
Mandalay Farm 

„ (irrigated) 
Singaing — Bod drainage 
Me&tila Forest 
Mahlaing Farm 
AUanmyo Farm 
Tatkon Farm ^ . 

Pyawbwe 
Pwinbyu Form 


Dry crops . . 

40 

61 

•80 

•07 

85 

Paddy 

40 

6*4 

•50 

•04 

29 


36 

6*1 

•39 

•06 

32 

Z 

.36 

6*6 

•26 

•04 

31 

Dry crops . . 

32 

7*9 

•49 

•06 

78 


32 

61 

•23 

•04 

13 

Poddy 

30 

6*0 

•26 

•04 

92 

Dry crops . . 

30 

8*1 

•40 

•03 

67 

Poddy 

80 

8*1 

•42 

•04 

56 

Sugarcane . . 

30 

7-3 

•92 

•13 

67 

Trees 

30 

7*3 

•92 

•03 

4 

Cotton 

33 

7*7 

•41 

•06 

8 

Dry crops . . 

46 

6-9 

•82 

*09 

46 


40 

7-0 

•65 

•08 

18 


j 32 

7-8 

•54 

•06 

48 

Sugarcane . . 

35 

7*3 

•74 

*18 

68 

alue 

36 

7*1 

*54 

•06 

44 
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Locality 

CropH 

Rain- 
fall in 
in<di©B 

pH 

0% 

N% 

Texture 

SahiTittw EHtato 

The Monsf 
Virgin land 

}fm Forest 
95 

Hegiofi, 

0*7 

3*59 

•29 

45 

„ (ingh Ifiml) 

Groan. 

Suganawio , . 


04 

1*92 

*12 

46 

», (mtMliian) 


95 

0-3 

2-33 

*16 

25 

„ (low, bud 

<irainage) 


95 

0-2 

3*04 

‘21 

32 

Hopin (high land) 

»» • • 

99 

0*0 

•75 

‘08 

23 

(low land) 

* » 

90 

0*5 

*91 

•08 

31 

Muwkiii 

MyitUyina Dint . 


KO 

4*8 

2-28 

•IG 

69 

Namti 

• * 

90 

5*0 

2-67 

•19 

47 

Kxmdan 


90 

ft 2 

OMl 

•03 

12 

Namkwtn ,, . . 

,, 

90 

5-7 

1*39 

•10 

31 

Maw hail- 

Myitkyina Dirtt. 


!>0 i 

4-2 

1*05 

•18 

57 

Katha^ Katha Dint. . . 

»■» • • 

00 ' 

5*0 

1*03 

•09 

33 

Nuba- - M 

t» • • 

70 

5-2 

1-07 

•11 

25 

Pyinmana Fat in — 

higheat land 


50 

6*5 

•57 

•07 

32 

„ loweat laral 

*» • • 
Foreat 

50 

0-5 

*74 

‘OG 

25 

Mouhib^- Fyinmana . . 

50 

6*9 

•99 

*06 

12 

'I’hayagou 

Sugarcane . , 

»» 

50 

5*9 

•86 


43 

Thubyehla 

50 

51 

•67 

" 27 

Konyutkwin 

»» 

00 

5*8 

1*60 

•13 

89 

Liiiyawkiiv 

*• 

90 

51 

•07 

•07 

36 

Labyiugyi 

»« • ' 

90 

5'9 

•73 

•07 

35 

Mean 

v’'ftlue 

80 

5*9 

1-41 

•11 

37 


Tonkan. Forest Renerve 

The L 

Forest 

ieUfi Hegio 
120 

n 

6*3 

•89 

•09 

29 

Magyipin Vilhige 

Padily 

120 

61 

1*02 

•U 

60 

Seyokin— ' 

Grazing ground 

Gross 

120 

6*1 

•69 

•05 

9 

Fftuktaw 

Paddy 

120 

5*9 

1*66 

•14 

74 

Pyuntaza 


120 

6*3 

1*07 

•11 

53 

Reserved Forest 

Trees 

120 

6-7 

2*40 

•20 

76 

Haze Village 

'Fobottco 

120 

6*1 

100 

*09 

43 

Thongwtv — Flooded land 


120 

6*9 

1*23 

•09 

32 

Kadok 

Piuldy 

120 

6*6 

3*00 

•24 

78 

Pyinbongyi 

120 

6-2 

MO 

•10 

27 

(Grazing ground 

Grass 

120 

6*4 

1*66 

•14 

67 

Okpo 

Paddy 

120 

6*9 

•94 

GO 

44 

Kyaikhla— Fkwded . . 

»» • • 

120 

6-6 

M7 

•09 

30 

Miuywa . . | 

ft • • 

120 

5*7 

*74 

•07 

26 

Thantttpin — Flooded . . j 

ft . . 

130 

6-7 

1*34 

■13 

66 

Kyauktaii — . . 

ft • * 

120 

6*7 

*82 

•07 

47 

Hmawbt Farm— Marshy 

»* • ' 

96 

5*0 

*98 1 

*10 

86 

,, Grazing ground 

Grass 

96 

6*6 1 

1*79 

•16 

74 

M Virgux Laterite 

. • 

96 

6*1 

*69 

*07 

24 

Myaungmya Farm — 
High land 

Paddy 

99 

6-3 

1*86 

•15 

66 

- „ Loiy land . . 

»» 

99 

5*5 

2*23 

X7 

69 

„ Garden soil 

? 

99 

5-6 

•79 

•05 

14 

Mean value 

m 

6*7 

1*28 

ID 

49 
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1 

l 40 CaUty 

Grope 

Rain- 
fall in 

pH 

0% 

N% 

Texture 



inoho;^ 





The Hhergr&en Forest Regions 


Akyab Farm 

Pofldy 

226 

0-5 

*04 

*07 

20 

Mingon Farm (Akyab) 

225 

5-4 

M3 

*09 

56 

ICyankpyu Farm — 







Heavy 

M 

IKO 

5*2 

M2 

•10 

42 

„ Light . . 

Oocoanut . . 

180 

50 

•57 

•05 

13 

Tlxattiii— Garden »oi! . . 

Mrtngt»>*toeu 

217 

0*1 

3*05 

•23 

60 

Mudoii — ' „ 

200 

50 

5*40 

-30 

61 

Mud cm Form — 







Upland Hoil 

Fruits 

200 

r>:t 

3*30 

•15 

60 

„ Low land . . 

Pathly 

200 

5*5 

1*86 

•14 

50 

'J'avoy-— Garden noil . . 

Mangos tee 11 

225 

5*8 

1*49 

■13 

89 

Tenoaserim- -Flaiitation 

i Rubber 

216 

5-H 

2*16 

•If) 

26 

Bilin- --Plantation 


200 

5*7 

3*65 

•24 

52 


Sugarcane . . 

200 

4-2 

2*24 

•20 

81 

Hninpalo 

200 

4*5 

1*01 

•16 

77 

Shwegun (bank of Sal- 







ween R) 

j ft « • 

150 T 

7*1 

. 

*78 

•08 

34 

^ ' 'is 

■ - V Mean value 

200 

6-6 

2*03 

•16 

62 


The Roils of the Rhan P}<Ueau 


Yawnghw© Farm — 

1 






Highest land 

Wheat, ! 

Potatoes, 
Oranges . . 

45 

7*1 

104 

•09 

36 

„ Intermediate 


45 

6*7 

1-34 

*12 

47 

„ Lowest 


46 

7-9 

1*90 

•17 

00 

Hoho (Valley) — 

]^avy soil 







Paddy 

60 

80 

6-20 

•50 

47 

,, Red soil . . 

T 

60 

6*3 

1*66 

•09 

42 

„ Yellow soil 

? 

60 

6*8 

•46 

•11 

42 

Maymyo Forest 

Reserve 

Trees 

66 

6*1 

2*76 

•10 

60 

„ (From Sylvi- 





•16 


oulturist) . . 

t# • • 

66 

6*6 

2-54 

Taunggyi Farm 

Wheat, 
Potatoes, 
Oranges . . 

60 

61 

1*76 

•14 

69 

Mean value . . 

64 

6*0 



46 


N.R * — The data hi th© TahJo* refer to the aurfooe m>U«. 
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Tabi^ts II. 

Mean ValueA of IJiirogen ami Amociated faotors 


Ania 

Rainfall 

pH 

0% 

N% 

Texture 

1 . The Dry Zoue 

35 

7-1 

•54 

•00 

44 

*2. The Moriaoon Foreat Region 

80 

5-0 

1-41 

-11 

37 

The Delta Region 

114 

.5-7 

1*28 

•11 

49 

4. The Evergreen Forest Region 

200 

5-5 

2-03 

•15 

52 

ft. The 8han Plateau 

54 

ft-fi 

2-07 

00 

45 


General Jiettuirku on, the data, 

Tli<i t<)lk)wing ffu-is are revealtMl Uy datit prestjj)1+Hl in Tables 1 arul 
IT :~™ 

1 . The mean nitrogen eontent increases witli ineroasing rainfall [Jenny, 
1932J. Tlie slight <liverg©nce shown by the figure for the Delta Region can 
b{5 explained by the fact that this area has l)©<ui under cultivation for long 
|K3riods. 

2. The effect of t/era]:»erature on nitrogen content is brought out by the 
striking difference l)etween the figures for the Monsoon Forest Region and 
fbose for the 8han Plateau. The increased nitrogen content of the latter is 
determined by the altitude of the Plateau which ensuros a lower mean t<Mn» 
perature in this area than in the Monsoon Forest Rt^gion, Again, the nitrogen 
and organic matter contents of the Plateau soils are almost identicjal with 
tliose of the soils of the EvergrtMJii Forest Region. Assuming a mean tem- 
perature of 22*0. for the Plateau and 28*0. for the Evergreen Forest Region, 
the large difference in rainfall is couiiterbalanced by the small differetnje in 
temperature. This fact also is in accordance with Jenny’s law. 

3. It has been stated by Mohr [1929], Vageler [1933] and others that 
the effect of water-logging a soil is to increase its organic matter and nitrogen 
contents. The data for the soils of Sahmaw, Pyinmana, Yawnghwo, and 
Myauugmya support the above view. The large organic deposits stated 
to occur in various parts of the tropics most probably arose under water-lo^ed 
conditions. 

4. The nature of the vegetation cover also has a great effect bn the quan- 
tity of organic matter and nitrogen accumulated in the soil. A comparison 
of the data for the same place under different kinds of vegetation supports 
the above sta^tement, e.g, forest, grazing laud, and paddy or legumes and paddy 
at Kaubalu, Pyuntaza, Mudon, Bilin. The effect of cultivation in reducing 
the organic matter of the soil may also be inferred from the same data. 

5. The texture of a soil controls the drainage and aeration. A heavy 
textured soil may therefore be expected to accumulate organic matter and nitro- 
gen to a greater extent than a light textured soil. However, th© tneon values 
in Table 11 do not support this view, although individual comparisans frcwa the 
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data in Table I seem to support it. This iinoertainty is to some extent created 
by the manner of evaluating the texture adopted here. A value of 50 for l.he 
texture might be made up of a high proportion of (day with a little silt or the 
reverse. When the clay is high the drainage is much poorer than when silt 
is high. Apart' from this, there is another point that deserves mention here. 
The physical properties of the clay contained in soils developed in the Dry 
Zone, in the Evergreen Forest Region and in the Shan Plateau would be dif- 
ferent in all probability owing to the different (climatic factors involved. The 
silioa-sesquioxide ratio, the base exchange capacity, the lime requirement, 
may all give some indicia tion of the propeHiies of the soil clay. Even under 
apparently similar edimatic conditions diffenmt kinds of clay, e.g. kaolin, 
halloysit-p, montmoril Ionite, nniy be produced by differences in geologit^al 
panmt material. Several soils of Malaya (fron) rul)her cstaRis) showed high 
]H^r(^entageH of (day (50 to 80 ]K^r c-eni-) bid, the base exchaug(!! capaedty at 
pH 7 seldom exceeded 10 milliequivalent4^ (rent [Albareda], The clays 
W(ire white or only slightly brown. The probability is tliat these Malayan 
(days are mostly made up of kaolin or allied substanccis. The clay obtained in 
a mechanical analysis obviously e,annot sc^rve as a guide to the physicsal proper- 
ties of the soil unless (dimaticaliy and geologically similar an^as art^ being 
(considered. It would seem to bo desirable to determine some suitable property 
of the (day in (luestion and convert the j)er(?entage of clay by multiplying 
with a factor into a new value which could help in comparing the physical 
properties of soils generally. The siIi(?a-Hesquioxide ratio may he useful but 
it is laborious to determine nnd there are also other olijections whi<di need not 
l>e discussed liere. 


Th>e. mmiMnlily of nitrogen. 

The humus present in the soil is the sourex^ of nitrogen for all crops except 
legumes which can utilise t he nitrogen of the atmosphere. The availability 
of nitrogen is controlled by the decomposition of humus. The factors control- 
ling the decomposition of humus are discussed by Waksman [1936 (h)]. 


The response of crops to nitrogen rmmirinjg in Burmu [Watson, 1933]. 

The only certain method of Bndiiig out whether a soil can supply enough 
nitrogen for satisfactory .yields (3f crops is to test the matter by pot, and field 
experiments. 

Paddy is the only crop that is grown throughout the country irrespective 
of soil and climate and the manunng of paddy has received the most attention. 
Of the other crops (iotton and groundnut are almost confined t o the Dry Zone ; 
sugaroaiie and sesamum are chiefly grown in the Monsoon Forest Region 
although they ore cultivated to some extent in the Dry Zone, 

The experiments on paddy will be (3on«idered first. The work started 
in 1912 at Hmawbi in the Delta and at Mandalay in the Dry Zone, Subse- 
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quently other stations were established and the experiments repeated, extended 
or modified. 

Tfe Dry Zone , — Mandalay is the chief station for paddy experiments in 
this area. Cattle manure, oib cakes and sulphate of ammonia gave the largest 
increases in yield. Green manures and other organics have also proved excel- 
lent. Of the various synthetios, calcium oyanaraide, sodium nitrate, urea, 
and ammonium bicarbonate have been tried and found to give low or no 
response. In combination with superphosphate ammomum sulphate is more 
effective than when they are used separately. The addition of potassium 
sulphate along with ammonium sulphate and siijwr has shown no effect. Other 
expt^riments with the mixed fertilisers liCunophos, Ammophos and Nicifos 
showed that these arc as good as a mixture of ammomum sulphate and siifK^sr 
of similar composition. 

In pot exyierimcmts Warth [HU 6] obtained large increases in yield of paddy 
by manuring with ammonium sulphate th(5 soils of Mandalay, Tatkon, Pwinbyu, 
Padu and Kya»iks<^, all from the Dry Zone. Of theses Mandalay, Padu (Black) 
and Kyaukse soils gave further large responses in yield whei\ phosphate was 
given along with the ammonium sulphate. 

A survey of the Mandalay Canal area (about 145,000 acres of irrigated 
paddy land) was conducted by the Agricultural Chemist. The nitrogen per- 
centages showed only a low correlation with the yields reported [Charlton, 
1931], 

The Monsoon Forest Region., 

Although paddy is widely grown in this region no manuring experiments 
liave l>een conducted. In Warth ’s bulletin there is the record of a pot experi- 
ment with soil from Hopin. This soil contained Odl per cent of total nitrogen. 
In agreement with this the unmanured soil gave a high yield of poddy, in fact 
the highest of all the soils tried. Curiously, however, this soil also responded 
to ammonium sulphate to an extraordinary degree, but the addition of phos- 
phate with the nitrogen did not materially improve the yield. The pH of 
a sample of soil growing paddy taken at a later date from the same place 
was 5'4. The conditions are said to be marshy. 

The Delta Region, 

Hmawbi and Myaungmya are the chief experimental stations. This is 
the most important paddy area. The experiments conducted at Mandalay 
have been duplicated at Hmawbi and in general the conclusions atrivedL at 
are the same. The response to ammonitim sulphate has been higher than in 
Mandalay. While phosphate alone or in combination with ammonia has given 
good increases, potash seems to give negligible effects alone or in combination. 
The pot tests of Warth with Hmawbi soil showed large inereases in yield of 
paddy by manuring with ammomum sulphate almie or in coiphiaatiim with 
super. In a further eeries of tests with the soils of the 3>elta, Warth and 



OF THUJ SOILS OF BTOMA. 


267 


Po Shin [1010] found that the phosphates applied as manure were effectively 
utilised by paddy only when ammonium sulphate was also given in addition. 

A soil survey of the Pegu District (Charlton, 19.-11 (6)] (about 1 million 
acres) showed that there was a significant correlation between the nitrogen 
content of soils and the yields of paddy. 

The exj)eriments at Myaungmya have sliown that large increases in paddy 
are obtainable by the use of Ammophos, Nicifos and similar combinations. 

The Emrgreen Forest Region, 

Akyab and Mudon are the principal experimental Stations, Paddy is 
grown throughout the region wherever the land is relatively flat. At Akyab 
farm I-»ounophoB gave a maxinium irutrease of paddy with an application of 
300 lb. per aen» and the yield startfMl decreasing with higher doses. At 
Mingan, a substation of Akyab, the increases obtained with Ijeunophos wore of 
tlie same order as at Akyab. At Mudon the ex|)eriments were more numerous. 
Nicifos, Diammophos, and IxMinophos gave moderate increases in yield of 
paddy, Iti combination with potassium sulphate LtMinophos did not give 
any appreciable itioreases in yield over that obtained with I^ieiinophos alone, 

7^he AVwm Platmn, 

Paddy is grown chiefly in the valleys but no manuring experiments have 
b(^n carried out therex 

The chief facts observed in the manuring of paddy in the various areas 
are (1) that a good or moderate increase in yield is obtained throughout by 
the use of ammonium sulphate ; (2) that phosphate in combination with 
ammonium sulphate is generally more advantageous than with ammonium 
sulphate alone ; (3) the use of potash either alone or in combination has been 
of no value ; (4) Organic manures always give satisfactory increases in yield. 

These observations call for comment. Although paddy has a preferentje 
for ammonia as opposed to nitrate it is not clear wliy the use of ammonium 
bicarbonate does not produce the same effect as the sulphate. Urea and 
calcium cyanamide are also similar to the bicarbonate. On the other hand 
green manures and other oi^anics ploughed into the paddy field liberate 
ammonia rapidly [Subrahmanyan, 1927 ; Joachim and Kandiah, 1929] and 
large inoreasea in yield of paddy have been obtained in most places. Ammonium 
stilphate and the organic manures therefore seem to supply some substance 
or substances required by paddy which the other synthetics do not contain. 
The obvious substanoe would seem to be sulphur. It has been shown that the 
protein sulphur metabolism is related to the ammonia — ^nitrogen present 
[Heiserich, 19^].^ Another possibility is that the ammonium sulphate and the 
orgmiio materials liberate some element from the soil, e,g. iron which the other 
compounds are unable to do. 

Another striking fact is the failure of potash to improve the yield of poddy, 
tn general it is known that the assimilation of nitrate nitrogen is dependant 
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upon an adequate supply of potash. This may have something to do with 
the charge on the potassixnn and nitrate ions. With paddy, however, since 
ammonium ions are used instead of nitrate, there may l>o antagonism between 
the two positive ions. The same fact has been reportwi from Malaya, British 
Guiana, Italy and elsewhere. On the other hand, potash is always used in 
8f)ain, Hawaii and Japan wliioh produce large yields of rice per acre. 

Again there seems to be some limiting fat^tor at work in all tropical paddy 
growing areas. The large increases in yield obtained in cold countries 
[Montesoro, 1929) by increasing doses of nitrogen can nowhere l>e approached 
in the tropics. There seems to exi.st a bar beyond which the yield of paddy 
(ninnol l)e pushed whatever be the treatment so far tried. This bar appears 
to be at about lbs. f)or acre in Burma. The oxisten(jo of’ such a bar in 

Malaya has been poiiit(^d out by Belgrave in his Rej)orts on Poddy Manuring 
( Ihdgrave, I934 J. It has been statinl that the maximum yield of riw is greater 
towards the northern limit of cultivation due to climatic fact^)rs [(Jtrpclaud, 
1924). But thei^ are well* authenticated spots in Burma and elsewhere in 
tlio tropics where the yields are far above the 3,0(X) lbs. limit. A great deal of 
(sonfusion exists, however, owing to the failure to tt^st the same high yielding 
paddy in all the differcmt climatic areas in each country. 

In spite of the high nitrogen and organic matter contents of the soils of 
colder countries like Italy, Spain, Japan and U.S.A. large applications of 
nitrogen have be<m found profitable in them in pa<Jdy cultivation. 

Other CTops^ 

The oxporiments in Burma have not been extensive with other crops. 
The manuring of sugarcane at Pyinmana has shown that ammonium sulphate 
is more effeotive than nitrate and that neither potash nor phosphate appears 
to bi> necessary. 
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NITROGEN AND CARBON STATUS IN RELATION TO SOIL 
PRODUOTIVITY. 

By Yhshwant D, Wad and R. K. Attbangabadkae, o/ 

FlamA Industry^ Indore^ Oeniral India. 

(Read at 8ympoeiun\,t Angnai 29^30^ 1936,) 

Soil fertility is often gauged in terms of its nitrogen cc»ntont<, Indian 
soils are usually considered deficient in this component. The carbon content 
and its ratio with nitrogen are held to be related to soil fertility. Colloidal 
fraction and moisture holding oa|)acdty also play an important part in deter- 
mining the productivity of soils. 

This paper presents some interesting results obtained during the exami- 
nation of certain typical soils from the tracts in Central India and Rajputana 
served by the Institute. During March and April, samples were collected 
in each region, horizon by horizon, in the soil profiles difiering in fertility, 
both virgin and cultivated, up to a depth ranging between three and five feet. 
A detailed description is given of the soil profiles from each region (Ap|)endix I) 
together with the normal monthly means of rainfall, percentage humidities and 
maximum and minimum temperatures (Figs. The soil samples were 

examined for the follo wing 

Property Method 

L Percentage «and-fi^ portion and clay . . Boiiyoucos (U)34), 

2. Percentage carbon, nitrogen ami their ratio - . Robinson, McLean, and 

WdUams (1929). 

3. Percentage moisture holding capacity - . Keen (1921). 

The results are tabulated below : — 

TABXiK 1. 

of reg^ioml 
BunMkhand 

A • 


iUmnut c/<w« ■-/'ania {(Jlay loam noil) 




% on oven -dry basiB 

% on air-dry baeia 

% on oven- 
dry baaia 

Horiaon 

(inohse) 

Nitrogen 

C’arl>on 

C/N 

ratio 

Hand-froo 

portion 

< Hay 

Moisture 

holding 

oapaoity 


> 


Vitgin 




1 

1 4 ' 

0*045 

o-ao 

4-44 

56*6 

19-2 

33*5 

t 

4 

0*046 

0-23 

5*00 

86*5 

27*7 

3«*6 


11 

0-040 

o*so 

4*44 

72*0 

27*» 

44*0 

■ 4. ■ 

11 

0-040 

0*14 

3*11 

75*2 

28-1 

47*4 


IS 

0-089 

0*088 

2*26 

68*4 

28*4 

43*1 


Ycwti. a. 


(FubiiiMi im. 
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Tablb I — concld. 




% on oven-dry baeis 

% on aar- 

•diy baaia 

% on ovon- 
dry baaia 

Horizon 








, (inohee) 

Nitrogen 

Carbon 

C/N 

ratio 

Sand-free 

portion 

Olay 

Moiature 

holding 

capaoity 


OuUimUd 


1 

1 ^ 

1 0037 

0*18 

4*86 , 

71*6 

2 

! 4 

0*044 

0-20 

4*54 

66*6 


B 

Revenue class — Kahar {Olay soil) 


Virgin 


1 1 

2 1 

0*098 1 

0*70 1 

7*14 1 

70*1 

26*5 

43'8 

2 

5 

0*058 1 

0*42 ' 

7*24 ‘ 

76*8 ^ 

29*1 . 

43*6 

3 

13 

0*041 

0*26 

6*34 

76*7 

27*3 

45*5 

4 

12 

0-042 

0*24 

5*71 

76-9 

29*8 

45*0 

5 

12 

0*036 

0*14 

3*89 

76*0 

30*4 

47-0 

6 

16 

0*024 

0*061 

2*54 

77*2 

30*4 

50*8 




Cultivated 




1 

2 

0*068 

0*39 

5*74 

69*9 

26*7 

41*6 

2 

7 

0*017 

0*21 

12*36 

70*9 

28*4 

44*8 


TABhBi 2 . 

A 

Mahva 

PooTf black cation sail {Olay soil) 


Horis&on 

Thioknetwi 
(inohee) ; 

% on oven-dry basiB 

% on air-dry baaie 

%on 

oven-dry 

baeie 

Nitrogen 

Carbon 

0/N 

ratio 

Sand -free 
portion 

Olay 

ill 




Virgin 




<1 

6 

0*060 

0*32 

6*40 

60*4 

28*6 

40*0 

2 

12 

0*088 

0*26 

6*84 

. 73*2 

29*4 

60-2 

3 

« 

0*047 

0*29 

6*17 

75*3 

27-8 

53*6 

4 

12 

0*030 

0*22 

5*64 

78-0 

28>2 

66*4 
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B 

Rich hlach coUon soil ((7/ay soil) 
{In the nitinily of n joffmet t>r//aye sitt) 


Hori- 

ThioknoffS , 

% on ovon-dry basis 

% on air-dry basis 

i 

% on 

oven-dry 

basis 

zon 

(inohos) 

1 

Nitrogen 

Carbon 

1 

C/N 

ratio 

Sand -free 
portion 

Clay 

Moisture 

bolding 

capacity 


Virgin 


1 

3 

O' 145 

M3 

7-79 

75*3 

29-7 

70* 1 

2 

9 

0'079 

0-63 

7-97 

74-7 

31'2 

64*9 

3 

12 

0051 

0-43 

8-43 

79-4 

32*9 

67*7 

4 

16 

0053 

0-33 

6-24 

80-5 

333 

66-6 

n 

20 

(>•048 

0-39 

8-12 

70*5 

29*0 

65*5 





Ctdlivaled 




1 

2 

1 0-125 1 

M3 

9*04 

76-1 

31-3 

65*4 

2 

7 

. 0-081 

1 1 

0*56 

6-91 

75-3 

25-9 

66*0 


C 


Whitish grey adhan {Clay soil) * 
Virgin 


1 

2 

0‘150 

1*40 

9‘33 

70-7 

29-2 

58*7 

2 

10 

0*100 

0-82 

8-20 

68-6 

28*0 

53*5 

3 

6 

0*078 

0-69 

7*76 

7ft- J 

31*7 

61*6 

i 

12 

0*057 

0-39 

6*84 

77-2 

33*6 

69*1 

6 

10 

0*056 

0*41 

7*14 

6»-7 

29*1 

71*8 


30 

0-062 

0*55 i 

8*87 

72-6 

27*1 i 

63*4 


Ctdiivakd 


i 2 

^ 0*124 

1*00 

8*06 

67-3 

26*8 

61-2 

6 

0*102 

0*82 

8*04 

73*4 

26*6 

61*0 


• Oardm land iwunlly low-lying heavily manured and intensively cultivated for 
geoamtions. 
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Tabx^V 3 . 

Rajputana, Jaipur Statt 
A 


Alkalim {Sandy loctm »oil) 


Hori- 

Thiokneos 

% on oven-dry basis 

% on air-dry bask 

%on 

oven-dry 

basis 

zon 

(inohen) 

Nitrogen 

Carbon 

C/N 

ratio 

Sand-free 

portion. 

Clay 

Moisture 

holding 

capacity 


CuUimted 


1 

6 

0-039 

0-18 

4-02 

35-8 

14-4 

41-2 

2 

» 

0037 

0-17 

4-59 

45-4 

20-4 

32-6 

3 

15 

0-040 

0-18 

3-25 

35-0 

14-8 

39-8 

4 

15 

0-032 

0-092 

2-87 

46-4 

20-4 

33*2 


B 

(^am^y loam soil) 
Ouliivated 


1 

6 

0-061 

0-19 

3-11 

24-6 

11-0 

30-5 

2 

9 

0-040 

0-16 

3-76 

35-0 

15-8 

38-1 

3 

16 

0*034 

0-18 

«-2» 

36-6 

14-4 

40-9 

4 

16 

0-039 

0-17 

4-36 

36-2 

14-8 

39-3 


Tabjm 4. 

Ba^ptdanaf Bihaner State 
Gang Oanal Colony 
A 


Medium {Olay loam soil) 


rhiokneM 

(inohea) 

1 

% on oven-dry baeis 

% on air*dry basis 

■ 

%aa 

oven-dry 

basis 

Nitrogen 

Carbon 

C/N 

ratio 

■ 

Sond-firee 

portion 

Clay 

Moisture 

holding 

oi^>aotty 


CuUivaM 


1 

6 

0-047 

O'SS 

4-68 

46*8 

n -2 

33-3 

2 

6 

0-087 

0-20 

6*40 

48-6 

10'9 

38-7 

^ 3 

12 

0-069 

0*20 

3*39 

47*8 

19-0 

38-0 

4 

12 

0-043 

0*16 

3*49 

43*3 

17*0 

88*8 

5 

12 

0 - 03 B 

0*13 

3*42 

43-8 

16-8 

38-2 

6 

12 

0-081 

0-12 

3-87 

44*8 

13 - 1 " 

38-4 

7 

12 

0-082 

0*11 

3-44 

48-8 

18*4 

88-1 
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B 

Hick (OZoy loam ttoil) 


Horizoi) 

Thickness 

% on 

oven -dry basis 

% on air-dry basis 

%on 
oven -dry 
basis 

(inches) 

Nitrogen 

' 1 

Carbon 

C/N 

ratio 

Sand-free 

portion 

Clay 

1 

Moisture 

holding 

capacity 


Cidtivated 


1 

6 

0-045 

0-17 

3-77 

44-2 

15-5 

33-2 

2 

6 

0-039 

0-15 

3*84 

49-2 

20-6 

37-4 

3 

12 

0-030 

0-15 

3-84 

44-0 

19-2 

35-3 

4 

12 

0-034 

0-U 

4 U 

46-5 

18-0 

36-5 

5 

12 

0*031 

0-13 1 

4*10 

50*1 

18*0 

36*3 

6 

12 

0-030 

014 1 

4-67 

50-4 

19-2 

36*0 

7 

12 

0-036 

0-16 

4*44 

73-2 

28-2 

39-1 


Tabi*®: 5. 

RajptUana, Bikaner State 
Qangaoarowar Oohny 
A 

Medium {Saridy) 


Horizon 

Thickness 

% on 

oven-dry basis 

% on air-dry basis 

1 

%on 

oven-dry 

basis 

(inches) 

i 

Nitrogen 

i 

Carbon ^ 

C/N 

ratio 

Sand-free 

portion 

Clay 

Moisture 

holding 

capacity 


Virgm 


1 

6*5 

0*063 

0*12 

1*00 

11*4 

4*0 

28*4 

2 

7-6 

0089 

0*12 

1-36 

18-0 

9*5 

27*2 

3 

7-0 

0084 

0-10 

M9 

21-0 

10*0 

30*6 

4 

6-3 

0*081 

0-16 

1*98 

21*0 

10-6 

32-8 

5 

6*0 

0*089 

0*16 

1*80 

210 

9*0 

32*5 

6 

6*0 

0*102 

0*09 

0*88 

18-9 

8*4 

31*3 

7 

4*0 

1 0*083 

i 

, 0*11 

1 

1*33 

18*9 

8*8 

31*2 


B 

Hudi {Bandy) 


Vi/rgin 


1 

2*7 

0*010 

0*14 

7*37 

18*9 

6*3 

26*8 

2 

11*8 

0'019 

0*14 

7-87 

24*2 

10*2 

31*4 

t 

12*0 

0018 

0*08 

4*44 

24*8 

9*8 

31*1 

4 

10*4 

O'OIS 

0*06 

a-44 

23*4 

9*4 

31*0 
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The values for carbon and nitrogen content were on the whole lower than 
those usually found in soils in temperate regions. They also widely differed 
between themselves. The C/N ratios exceeded ten only for the second horizon 
of cultivated kabar land. Very low ratios predominated. No consistent 
relation could be found between the carbon and nitrogen contents and their 
ratios and the other properties determined, i.e. sand-free portion, clay and 
their ratio and moisture holding capacity, nor with the temperatures, humi- 
dities or rainfalls characteristic of each region (Figs. l-S). It was the same 
when the percentage of carbon and nitrogen were calculated on sand-free basis. 
Highest values for carbon and nitrogen and narrow C/N ratios were not con- 
fined to the surface horizons, most influenced by light and temperature. It 
seems hazardous to predict the productivity of these soils from such values. 
This is supported by the results of lysimeter experiments at Indore in 1933. 
The same cotton varieties were grown under the same conditions in lysimeters 
containing profile blocks of the sandy Jaipur soil, Badnawar (Dhar) whitish 
grey adhan soil and Indore medium black cotton soil. 

The yields are given below : — 


Table 6. 

Yields of Seed*cotion in gms, in lysimeter s, 1933 
(Area 4S sq. ft.) 


Variety 

Jaipur profile 
(sandy) 

Badnawar profile 
(whitish 
grey adhan) 

Indore profile, 
Field 31. 
(Black cotton 
soil) 

Cambodia Indore 1 


639 

53 

Malvi 9 


573 

103 


The carbon and nitrogen contents and their ratios in different horizons 
of these soils are given below : — 

Table 7. 


Peroerd<igm of carbon, nUrogen and ihmr ratios^ in the soil profiles contained in lysimeters, 

used for 7933 tests 


Hori* 

■on. 

Jaipur profile 

Badnawar profile 
(whitish grey adhan) 

Indore profile, Field 31. 
(Black cotton soil) 

Carbon 

Nitro- 

gen 

C/N 

ratio 

Carbon 

Nitro- 

gen 

C/N 

ratio 

Carbon 

Nitro- 

gen 

C/N 

ratio 

1 

Hi 

O-OfiS 

2*83 

■ill 

0*11 

4*90 

0*88 

0*069 

5*60 

2 


0*043 

3*79 



4*07 

0-48 


5*97 

3 

Eiifl 

0*047 

4*04 



2*10 

0*40 

0*059 

6‘79 

4 

015 

0*036 

4*16 


ms 

3-46 

0*3» 

0*062 

6*29 

5 

.... 

.... 

.... 

0-82 

0*06 

3*58 

0*23 

om 

% 

4*83 
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The yields and nitrogen contents do not appear to be correlated* 

Nitrogen deficient soils usually respond to the application of nitrogenous 
manures. This does not seem to be always true of those soils. 

Tablk 8. 


Crop-re«poru)e to nitrogen on different. YieUls of seed cotton ^ lbs, per acre 

A 

Dhar, 1934 


1 

Varieties 

No ! 

tretttnioiit | 

i 

Nioifos 

22/18 

1 • 

Saffluwor 

cake 

. P 

Hig. diff. 

Malvi bulk 

630 

1 

692 

541 

<o-or> 

126-2 

Caxubodia bulk 

1 403 

1 391 

1 

474 

<(>•05 

62-2 


B 

Jaipur. 1934 

Varidy — Cam bod t a Jtulore 1 


Sowing dat/OH 

Plant spacinge 

No treatment 

NioifoB 17/45 

22xid April 

12" 

813 

949 

18" 

1092 

537 

15th May 

12" 

696 

537 

18" 

722 

i 

337 

2nd July (rains) 

12" 

303 

305 

18" 

281 

313 


B<0 05; Sig. diff.--329. 


C 

Sri Ounganeigar, Bikaner State, 1934 


Varieties and treatmonta 

Manures 

VarietieH 

Sowing 

dates 

Irrigation 

Plant 

Hpacingg 

No treat- 
ment 

Nlcifos 

17/45 

Castor 

cake 

MoUmmi 

May 

Moderate 

12" 

746 

679 

1031 

p. mw. 

Jtme 

Moderate 

6" 

647 

878 

551 


! June 

, Heavy 

0" 

1140 

1153 

1294 


P<0 05; 8ig.diff.^ie6. 


Similar rdsults have been obtained in other parts of India {Sahasra* 
b^dhe, 1984 ; Valdywathan, 1934). 
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Dliar (1935) concluded that liie C/N ratioB of soils in different regions 
widened as the prevailing temperatures increased. Jenny (1929) drew exactly 
the opposite inference and found that the nitrogen contents decreased 
with increasing temperatures quantitatively. McLean (1930) found the C/N 
ratios constant for a region and that they became wider as the prevailing 
temperatures increased or when the soil was under grass. He did not find 
any consistent correlation between C/N ratios and fertility but he concluded 
that for soils of the same area the carbon and nitrogen content increased with 
fertility* He also found a consistent decrease of C/N ratio with depth in 
soil profiles. The data presented above show that the inferences drawn by 
these workers only partially represent real conditions. 

l?he following results were obtained from a comparisoii of soils from 
patches of high and low productivity in a barley field in Jaipur and poor and 
rich tea soils and patana soils from Portswood, Ceylon : — 

Tabt*£ 9. 


Nitrogtn anci Carbon contents and their ratios m productive and poor soils 


Localities 

«»“• (I2sr 

% 

Kitrogen 

. %• 
Carbon 

0/N 

Ratio 

Jaipur <1986) . 

Productive barley 

'0 

6 


0-14 

2-66 

patch . . 

6 

16 

f i 

0-19 

3*46 


Poor barley patch . . ; 

*0 

B 


0-13 

3-82 


6 

15 

{ r 


3-30 

Ceylon (1936) 

Kich tea soil . . < 

'o 

6 


6*17 

9*96 

j 

6 

16 

f i 

4-21 

9*15 


Poor tea soil . . ' 

’0 

6 


1-64 

7*46 


i 

6 

16 

r 1 

1-08 

6-34 


Patana. tea soil . . ( 

fo 

6 

0'620 

6-34 

10-20 


i 

' 6 

16 

0-340 

3-94 

n-69 


The surface layer of the rich Ceylon tea soil gave the following results 
after the application of manures. 

Tablis 10. 


The effect of manuring of rich Ceylon tm soil on the nitrogen and carbon contents and 

their ratios — Oeylonf 1936 


Manure 

Nitrogen 

^”4 • 

Carbon 

C/N 

Ratio 

Applied in October, 1934 — 




Green manure pruning mixture 

0-73 

6-10 

8*35 

Compost 

1*01 

7-74 

7*66 

Applied in December, 1934 — 




Compost . , . . 

. . 0*89 

7-87 

6*»8 


' Notb.— Samples of soHs w«t© taken in Aprilt 1936* 

The oarbon^niiirogen ratio was wider for the poor patch iqi the sune SM 
at Jaipur, while it u^as narrower for poor Oeylon aofl when two 
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were compared. Similarly, between the two Ceylon soils higher carbon and 
nitrogen contents were found with increased fertility. Between the poor 
and rich patches in the same field at Jaipur they were also higher. The 
diiforences between the second horizons were much grea ter than those between 
the first. The effect of addition of carbon and nitrogen by manuring rich 
Ceylon tea soil, however, varied according to the manure and the interval 
between manuring and sampling. The wider carbon-nitrogen ratio of the 
patana soil may be the effect of being under grass or simply a field difference. 
Between adjacent cultivated and virgin (under grass) portions of the same 
field the reverse was sometimes found (Table lA and B and Table 2B ; surface 
horizons of parua and rich black' cotton soils and the second of Icahar). Evi- 
dently the influence of other factors, not yet adequately studied, on the nitrogen 
and carbon contents in soils and their ratios interfere with the accuracy of 
inferences. 

It appears that the absolute nitrogen and carbon contents of fertile soils 
may not necessarily be high because they only represent a state of equilibrium 
resulting from the combined action of all the external and internal factors 
governing the oxidation or reduction of soil organic matter — the carrier of 
its nitrogen. The factor actually operating is the internal environment of 
each horizon in the profile during the annual seasonal cycle as regards moisture, 
air, temperature and the dissolved material. The external climatic factors 
influence only indirectly just in the same way as is done by the parent rook 
or the adjacent horizons. Every soil thus seems to possess its own olxaracter- 
istic maximum possible level of carbon, and nitrogen content usually reflected 
under virgin conditions in its surface horizon. (Cultivation seems to change 
it even in the continuously manured land as shown below : — 

Tabt.jd 11. 

Changes in virgin noU dm Hi cultivniion 




ButKielkiiaiid 

V 

1 

1 

Malwa 


Dtfierencefjt 



1 


i 

! 

1 


between 

Pariva 

K<tbar 

Rich 

Adhan 

oiUtlvated 



i 


i 

1 

1 


and virgin 









soils in 




Horizons 





1 

2 

1 

i 

2 

1 

2 

1 

2 

% Nitrogen 

-0*08 

-002 

-0-03 ! 

-- 0-041 

-002 

+ 002 

-^0-026 

+ 0-02 

%C3arbon 

-0*02 

-003 

-0-31 

_0-2l 

000 

-0-07 

-0-40 

0-00 

C/N ratio 

4-0:42 

-0-46 

-P40 

H-B-n 

+ 1-25 

--106 

-1.27 

-0-16 

% Sond-freo 



1 






portion 


0-0 

-0-2 

-5*9 

+ 0*8 

+ 0-6 

-3-4 

+ 4-S 

% Caay .. 

+ 7'2 

4-0-2 

+ 0-2 

-0*7 

+ 1-6 

-*-6-3 

-2*4 

-1-5 

% Moisture 









holding 

napAoity 

-I-O 

4-1-5 

-2-2 

--1-2 

^4-7 

■ 

+ 0-1 

+ 2-5 

" 

1 +7-5 

1 
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Nitrogen content was lowered by cultivation in the surface horissons; 
the lowering appeared to be inversely propor1;ional to the content of sand-free 
portion in the virgin soils. In the second horizon nitrogen content was lowered 
in Bundolkhand soils in proportion to their content of sand-free portion, but in 
those of MaJwa it rose equally for both rich and adhan soils. The carbon 
contents were also lowered in both horizons of Bundelkhand soils, while they 
were lowered only in the second horizon of the rich soil and the first of the 
adhan. The result was that the carbon-nitrogen ratio became wider in the 
first horizons of the jHirm and the Malwa rich soils and the second horizon 
of the kahar soil but was narrowed in the others. Such changes were also 
accompanied by those in other properties. The behaviour of the second 
horizon seemed to differ from that of the first, which sometimes worked in an 
opposite direction. The only outstanding difference in the cx)mpo8ition, after 
cultivation of the highly productive manured adhan land from other soils, 
seemed to be the narrowing of C/N ratio and increase of moisture holding 
capacity in both horizons. It may be noted here that the second horizon of 
the productive patch in the Jaipur field is equally rich as the first in nitrogen 
and carbon. The first two horizons of other soils did not show this degree of 
uniformity. 

Apparently the actual differences in the content of nitrogen and carbon 
or their ratios necessary to increase soil productivity may be slight, as shown 
by the composition of the heavily manured adhan land. Differences in pro- 
ductivity seem to depend chiefly on the extent to which the supply of nitrogen 
and moisture is similarly maintained by, at any rate, the first two horizons 
of a soil. Wide differences between or opposite behaviour, one way or the 
other, of the two horizons adversely affects fertility. Probably a prolonged 
existence of favourable environment during the life of the crop is a much 
more potent factor than an 3 ^hing else. 

Thus, the differences in the absolute values for the nitrogen and carbon 
contents of soils or their ratios may not show any correlation with the differ- 
ences in their fertility. Comparisons based on them seem to have a limited 
value. 

Sttmmaby. 

Nitrogen and carbon contents and tbeir ratios for typical i^oils of Bundel- 
khand, Malwa and Bajpntana were found to be low and differed widely between 
soils and between horizons. 

Apparently no correlation existed between them and single foctors like 
region, prevailing temperatures, rainfall, humidities, moisture holding capa- 
cities of soils, the proportion of sand-free portion, clay and their ratios. 

^ Absolute values were usually maximum under virgin conditions in surface 
layers. Cultivation changed them aocordtog to sofl * variety ’ and horizon. 

Even oontmuous application of farmyard manure did not.miwnitain the 
absolute values to virg^ levels. 
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When soil fertility is increased by the application of bulky organic 
manures, the differences produced in its nitrogen and carbon content may not 
always be as great as are found when two soils are compared. 

Neither the yield of cotton in lysimeters nor its response in the held to 
nitrogenous manuring was proportionate to the nitrogen contents of soils used. 
Better crops seem to depend more on the degree of uniformity in the upper 
soil layers than on their nitrogen content. 

Carbon and nitrogen contents represent an equilibrium reached by organic 
matter under the influence of the prevailing moisture, aeration, temperatures 
and dissolved material in the soil. Productivity increases whenever the 
total intake by crop*roots becomes greater. 
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Aprj£T4nix I. 

Ihucripiwn of regional soil profUen 
liegixrn — Bundelkhami 


Rcvtnm class — Parua {VUiy loam) Virgin 


rizon 

Depth 

(inches) 

Doacription 

1. 

0-4 

r 

Red<lish brown colour, lumps friable, roots of grasses in abun- 
danc<e, gritty to touch. 

2. 

4-8 

Similar to above, less roots, a lot of nagar-motha {Oyperua acariosus) 
roots. 

3. 

8-25 

Similar to abo\'e, a few dead roots. 

4. 

25-42 

Similar to above, very few dead roota. 

5. 

42-60 

Similar to above. 

VulHimUfd 

1. 

0-4 

Similar to that of virgin soil but less lumps and roots, looser 
soil. 

2. 

4-8 

Similar to virgin soil but less compact and lumps, more friable. 
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Horizon 


3, 


2 . 

3. 

4 

5 

6 . 


1 , 


I. 


2. 

3. 


4 . 


1. 


3. 


4. 


5. 


1. 


2. 


1 . 


2. 


Depth 

(inohev) 

0-2 

2-7 

7-20 

20-32 

32-44 

44-60 


0-2 

2-7 


0-6 


6-18 

18-24 

24-36 


0-3 


3-12 


12-24 

24-40 

40-60 


0-2 

2-9 


0-2 

2-12 


Revenue claea — kahar {CUty soil) viryin 
Description 

Grey with yellowish and blackish tinge, many grass roots, small 
semi’friable lumps, soft to touch. 

Similar to above but in bigger lumps, a few tiayar-tnoiha roots. 

Colovu* slightly darker than the upper or lower layers, similar to 
above in other respects. 

Lighter colour than the upper layer a few kankar nodules. 

A lot of kankar nodules, colour a mixture of upper grey and lower 
light yellow. 

Colour light yellow, in other respects similar to above. 

CuUivaied 

Similar to virgin soil but slightly looser, lesa roots. 

Similar to virgin, but looser. 

Region — Malwa 
PoorXClay eoil), virgin 

Black with slight yellow tinge, a few kankar nodules,, lumps semi- 
friable, a few dead roots. 

Similar to above with some black hard concretions (iron). 

Slightly more yellow, similar to above in other mpects. 

Similar to above, murrum and kankar below three feet. 

Rich {Clay soil)^ virgin 

Light grey, slightly loose, forming small friable large 

number of roots, many kankar nodules and a few hard, dark 
brown concretions (iron). 

Light-gwy, more compact, less I’oots, large number of kankar 
nodules, very few dark brown concretions, chiselled face smooth 
and glossy. 

Similar to above, more compact, a few roots. 

Similar to above, less compact, deeper grey colour. 

luesft compact, cleavage surface smooth and shining, tendency to 
form angular blocks of irregular shape, very few dark brown 
concretions, kankar nodules less than in the abo\^, very few 
roots. 

CuUivated 

Light grey, loose, small friable lumps, few dark broMni ooncretiona, 
kankar nodules, a few roots. 

Slightly deeper in colour, more compact fonuiiitg bigger lumps, 
large number of small kar^r nodules, very few roots, dark 
brown concretions. 

Adhan {Clay soil), virgin 

Light grey soil, semi -friable, smooth, dark brown concretions 
(iron), large number of dead rodts. 

Light grey, vexy few cracks, concretions simUar <to above, soil 
friable, chiselled face rough and dull. 
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Horii»>n Depth Desorlptiou 

(mohee) 

3. 12-lS Grey colour* darker* vertical streaks, in other respects similar to 

above, 

4. 18-30 Slightly deeper colour, streaks narrowing, similar to above in other 

respects. 

5. 80-40 l>eeper colour, ohiselled face smoother, tmirrwn pockets here and 

there. 

6- 40-00 Similar to above, irregularly mottled with yellowish earth. 

CuUivatefi. 

1. 0-2 Light grey, slightly whitish, ashy appearance, loose, small friable 

lumps, large number of dark brown concretions, very few dea<i 
, roots. 

2. 2-8 Semi -friable lumps, dark brown concretions, a few brick pieces, 

some hmkar nodules* lighter -coloured virtical streaks, irregular 
vertical cracks. 

Region — Rajputuna^ Jaipur State 
Alkaline {Sandy loam eoil)^ cultivated 

1. 0-6 Yellowish brown, slightly deeper in the interior of lumps, gritty, 

small hatni Uimps, a few kankar nodules. 

2. 6-15 Similar to above but slightly lighter oolotir, a few dead roots. 

8. 16-30 Similar to above, but no kankar nodules. 

4, 30-46 Lighter colour, full of stiff lumps. 

Sweet {Satuly loam eoil)^ cuUivaUd 

1. 0-6 Reddish yellow colour, lighter than the above-mentioned saline 

soils, no kankar nodules, lumps stiff, similar to above in other 
respects, 

2. 6-15 Similar to above, a few kankar nodules. 

3. 16-30 Similar to above, a few; dead roots, 

4. 80-46 Similar to above but without kankar nodules or dead roots. 

Region — Rajputana^ Gang Cano/ Colony, Bikaner State 
SoUe under cuUivtUion since 1028 
Medium (Sandy loam) 


1. 

0-6 

Yellowish grey, gritty, full of very small friable lumps. 

2. 

6-12 

Similar to above but slightly bigger lumps. 

3. 

12-24 

Similar to above but slightly stiffbr lumps. 

4, 

24-36 

Similar to above but less number of lumps. 

5. 

3^4 

Bimtlar to above but a few kankar nodules. 

6. 

44-60 

Similar to above. 


Rich (Sandy loam) 

The deaoriptions of the horkona are similar'to above-mentioned medium eoU except 
that the bottom layer (44*-d0*) is eofter to touch. 

Kars,— The horkons of soil in this region were not olearly demarcated in the lower 
therefore samptee were taken for every foot. 
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Region- 

— RajpttUina^ Onngmarcnvar Colony t Bikaner Btate 

Virgin soils 

Medium {Sandy soil) 

Horizon 

Depth 

(inchort) 

, DeBcriptioii 

]. 

0-5-5 

Clreyinh ytJlow, no JumpB» a few plant roHidueB, some kankat 
nodtileH and gravel. 

2* 

r>-V13 

Similar to above, but a few lumps. 

3. 

13 20 

Similar to above but no lumps. 

4, 

20-25-3 

Similar to above. 

5. 

25-3-30-3 

Similar to alK)ve V)ut a few hard lumps. 

6. 

30-3-35-3 

Similar to above but a few kankar nodules. 

7. 

35-3-39-3 

Same as above. 

JRlch {Sandjf soil) 

1. 

(h* 2-7 

Greyish yellow, no lumps, small qxiantity of plant residues and 
gravel. 

2. 

2-7-14-5 

Gi-eyirih yellow, hard lumps and plant residues (especially roots) 
and gravel. 

3. 

l4-5-2e)-5 

Greyish yellow, big liunps, dead roots, kankeur nodules and gravel. 

4. 

26-5-36-9 

Greyish yellow, big hard lumps, dead roots and gravel, moist soil 
at the bottom. 
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RAJPUTANA- BIKANCR STATE, 
6AH6ASAR0WAR COLONY 

4 . 

2 - 
0 - 

RAJPUTaNA- eiKANER STATE. 
OANG CANAL COLONY 

4 - 

2 • 

0 - 

RAJPUTANA- JAIPUR STATE . 

8 - 
6 • 

4 * •* 

2 » 

0 - 

MALWA 

10 - 
8 * 

6 - 
4 - 
Z - 
0 - 

BUNOELKHAND 

12 - 
10 - 

«- 

4 *’ 

2 r 

0 - 

1 e 3 4 S 6 7 8 8 » 11 t« 
months* JANUARy tO DfCEMttR . 

J’m. 1, Monthly nomal mtniaU» 
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RAJPUTANA * BlRANffH STATE, RAJPUTANA -RIKANCR STATE , 



^ANtt CANAL COLONV RAUPUTANA-BIKAMER STATE. 


CANC CANAL COLONY 





MONTHS ^aANUANY tS fitCEMUN* MOffTHS - JANUARY To OECCMSCR. 


Fxo. 2, Monthly normal hnmidR^os Fxo. 3. Monthly nornM magcimmn and 
per cent. minimum ton^Matmturo. 
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EXPERIMENTAL DETERMINATION OP THE ELECTRON 
AFFINITY OF CHLORINE. 


By M. N. Saha, DMc., F,E,8., and A, N. Tai^don, ifNc., Department of 
Physics, Allahabad University. 

{Read January 5, 

It is well known that halogens have an affinity for oleetrons and many 
methods have been proposed for calculating this quantity. Lot us take a 
halide atom X. The affinity E is given by the relation : — 


E can be expressed in calories, volts or wave-length units. The following 
table gives the values in Kilo calories obtained by different workers ; — 



F 

Cl 

Hr 

I 

Mayer aiid Helmholtz ^ (Theoreti<!al) 

96-3 

86*6 

81*6 

74*2 

J. E. Mayor 8 (Experimental) . . 

P, P. Sutton and J. E. Mayer 8 (Experi- 




72*6 1 2 

mental) 




72*4tl'ri 

Angerer and M tiller * (Spectroscopic) 

94 

86-6 7 
89-6) 

791 7 
81*3) 

71*3 

E. Lederle & (Spectroscopic) 

Saha and Sharma ^ (Theoretical) 

95 1 2 
153-3 

90 

82 

73 


There are several methods for calculating the electron affinity of the 
halogens. Theoretical calculations have been made by E. Mayer and L. 
Helmholtz ' fwm the crystal energies of the alkali halides. They used the 
formula for the grating energy of these salts derived by Max Born and E. Mayer*. 
Saha and Sharma • used an extrapolation method for calculating the electron 
affinities. They showed that the value of the ionisation potentials of No- 
like atoms Ne, Na+, Mg++ is given by the formula : — 

» (^-6 . 745)H 1 . 

If now Z is put equal to 9, we get the electron affinity for fluorine. The 
value so obtained is 7*1 volts ; though this value is high and is rather in violent 
disagreement with values calculated by other workers, it is in agreement with 
the value calculated by MuUiken. 

On the experimental side, this subject has not been much investigated and 
the few data that are available have been obtained indirectly firom spectro- 
scopic methods. On^in a few cases direct experimental determination has 
been made. An attempt was made by Angerer and MflUer * to calculate the 
electron affinity from spectroaoopio evidence. They observed the absorption 
spectra of the vapours of alkali halides KF, NaGl, CsCl, KBt, CsBr and 
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K1 and found that those begin to absorb continuously at high temperatures 
from a long wave-length limit. The continuous absorption was attributed to 
absorption by Cl" or other halogen ions which was supposed to arise from 
thermal decomposition of the salts. The electron affinity was determined 
according to the quantum relation eV ^hv. E. Lederle ^ calculated the electron 
affinities of halogens from the data of Angerer and Muller by an application of 
the Born-Heisenberg method, but later on H. Kuhn ® showed that the cal- 
culation was based upon a wrong interpretation of the experimental results. 
Attempts have also been made to observe the emission spectra due to the 
capture of electrons by neutral halogen atoms, but so far nothing indicative 
of the actual occurrence of such a process has been observed. Oldenberg ’ 
tried to observe the electron- affinity spectnim with improved experimental 
technique, but failed to observe any new speotrum. He gave a theoretical 
explanation of his negative result. It amounted to showing that the pro- 
bability of capture of olocjtrons by neutral halogen atoms is very small compared 
to that of capture of electrons by positive ions like Na ^ leading to the forma- 
tion of neutral atoms. 

At the suggestion of Born and Franck, a direct method was used by 
J. B. Mayer ® to determine experimentally the electron affinity of iodine. He 
studied the thermal ionisation of the iodides of caesium and potassium at 
temperatures of the order of li60®K. and calculated the equilibrium constant ; 
from this, by an application of the dissociation formula and thermochemical 
data, he could calculate the electron affinity. Recmtly P. P. Sutton and 
J. E. Mayer ® have described another general method for the determination 
of electron affinity and applied it to determine that of iodine. In Mayer and 
Sutton’s method a tungsten filament was heated in an evacuated globe in 
which iodine vapour could be introduced. The iodine vapour molecules on 
coming into contact with the strongly heated filament suffer dissociation into 
atoms, some of which attract electrons and become negatively charged. These 
negatively charged atoms and electrons are collected by a oonoentrio anode 
cylinder. By means of a magnetic field, the electrons are switched off and 
the current duo to the negatively charged iodine atoms can be measured. The 
value obtained for the electron affinity of iodine was found to be 724±1*5 
Kilo cals. But so far no direct experimental determination on these lines of 
the electron affinity of the other halogens has been carried out. 

The method described in this paper is also of very general application and 
is based on the study of the thermal ionisation of alkali halide vapours at high 
temperatures. The principle involved is of the same nature as that used by 
J. E. Mayer but the experimental technique has been much improved and is 
altogether different, ^ 

The method essentially consists in vaporising alkali halide in an 
electric furnace and then bringing it to a region ,of higher temperature where 
the vapour molecules suffer thermal dissociation into atoms well as into 
ions. The products of dissociation are made to pass through a narrow oiroulor 
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opening, and then through a circular diaphragm into a Faraday cylinder 
where they are collected and the current measured by a galvanometer. 

The process of dissociation inside the high t-emperaturo region, where 
free electrons are also present, is given by the following set of equations* 
Taking sodium chloride as a typica l example the possible processes of dissocia- 
tion can be written as follows : — 


NaCl =2 Na+Gl--i)... (1) 

NaCl 5:2 Na++Cl---() (2) 

Na Na++e— / . . .. .. • (3) 

Cl ^ (4) 

Clg 5:^ 2C1-D' (5) 


where D is the heat of dissociation of NaCl, Q the heat of dissociation into 
a sodium and a chlorine ion, 1 the ionisation potential of sodium and E the 
electron affinity of chlorine. /)' is the heat of dissociation of chlorine into 
atoms. The dissociation of diatomic molecules has been studied in detail 
and the formula has been worked out by Gibson and Heitler (sec also Treatise 
on Heat, by Saha and Srivastava, p. 703, 1935) with the aid of quantum 
mechanics. They have taken into account the translational, rotational and 
vibrational states of the molecules and also the effect of nuclear spin, and 
given the expression for the entropy and other thermodynamical functions of 
diatomic molecules. If xjt be the thermodynamical potential given by the 
relation 


0 


,s 


where U is the internal energy, S the entropy, T the absolute temperature, p 
the pressure and V the volume, then the expression for ^ is given by 


asc ■— 


^j^llnT-lnp+ln 




according as the nuclei have got a spin or not. m is the mass of the molecnle, 
I its moment of inertia and is the weight factor. 

Hence, we have 




+ln 


p-J+i«gN.Oi 


^N» 

^Cl 


A* A* 

' § 

~WT 2 ^ A® h I 
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Hence In In T+ln 

i’NaCl ^ 


Since i/'nhOi = 'ANa+'/'ci. 

In thiH case ^Na = 2, goi = 4, pk«oi == 1 
therefore, we have 

In ifcj = In = —^+1 *« T+ln{l 


L'V/s/A (wj 


»^NaCll 


Similarly we have 

In k, = =-Sr+l “« 

^Nain ■”-* 


Since firNtt+ = 1, gen - = 1 


L.'/yi J 

\«lNu Wit;!/ J 


i„ _ ,« ^'Na i’a _ h (2*mJ*/*A,‘/* 

in *3 _ In = - ^+g In T+ ^ 

k - Jn r+iw 1^ p- J 


-f-Zti 8. 


It is easy to verify that these constants are not independent, but we have 

X* — 

and Q«:P+/-i?. 

is determined experimentally from which we can calculate the value of Q. 
We obtain E from the relation 

«/>+/_ Q. 


Appataim . — The demountable vacuum graphite furnace used in these 
experiments has been described in detail in a previous paper by M. N. Saha 
and A. N. Tandon It will suffice here only to mention the internal coimeo- 
tions inside the furnace. These are illustrated in the adjoining diagram 
(Fig. 1). The high temperature is produced in the graphite tube F which is 
heated by passing a current of about a thousand amperes from a low tension 
transformer. The graphite tube has only a small hole A on one side and 
female cone C on the other. Into the female cone is inserted another wire- 
wound furnace whose male cone exactly fits 0, so that the salt vapour can 
only pass through the hole A. The wire- wound futt|sce i*' is so designed 
that the temperature of the salt vapour can be determined without much 
error, and the salt vapour does not condense in any port between this and 
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the graphite tube. An iron rod is bored from both the ends and a very thin 
iron partition ia left. One end of this tube is then mode conical so as to fit 
exactly into the cone of the graphite tube. The tube is then bent into the 
shape as shown in figure (1), so that the molten salt may not run down 
the graphite tube. The thermocouple T is placed on the other side of the 
fliaphragm as shown in the figure. Over the iron tube some mica is put and 
then the furnace is made by winding niobrome wire on it. The cone C is pusher! 
inside the graphite tube, into a temperature region which is greater than the 
temperature at which the salt vaporises. This ensures that the salt vapour 
does not condense between the furnace and the high temperature region. 



Fio. 1, 


The salt to be investigated is put inside this furnace and the temperature 
is measured by moans of a thermocouple. 

At a distance d from the small hole in the graphite is put a diaphragm D 
of radius r, behind which is placed a Faraday cylinder E. The cylinder is 
connected to a sensitive galvanometer. If 8 denotes the area of the circular 
orifice, the number of particles ccming out of the hole per second is given by 


«c , where n is the number of particles per cubic centimeter inside the graphite 

4 

tub© and c the mean velocity at the temperature of the graphite tube. 

Now the pressure p^nkT or n^PjicT where p is the pressure of the 
particles inside the tube. 

If be the partial pressure of the positive ions inside the tube, then 
the number of positive partiolee coining out per second is equal ^ ^ ^ 


and therefore thevpo8ij|Te ion current is given by 


8 , 

v+“iibr 


m# 
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If iff is the current indicated by the galvanometer 



2d? . 


+ 

11 

therefore 


Similarly 



If Pyy denotes the vapour pressure of the salt MX, then the dissociation 
constant Xg is equal to ^ and is therefore given by the expression 

Pmx 

The magnitude of the currents is measured experimentally by the galvano- 
meter. The diameter of the effusion hole is determined by means of a travelling 
microscope, from which S is calculated. 

Experimental technique . — It is first of all necessary to study the emissions 
from the graphite tube when no salt is put inside the subsidiary furnace. For 
this reason the funiaco tube is heated for an hour at a temperature of about 
2000®C. in a vacuum of about 10^^ rams. The process is continued till the 
vacuum remains undisturbed by the heating of the graphite tube. 

The Faraday cylinder is then given a small positive or negative voltage 
witli respect to the graphite tube from a potential divider and the current 
duo to electrons and positive ions is measured at different temperatures with 
different applied voltages. The positive current is found to be negligible in 
comparison to the negative current, which must be due to electrons emitted 
from the graphite tube. 

The furna ce is then opened and the salt is introduced into the subsidiary 
furnace. After proper degassing of the graphite tube the current in the 
subsidiary furnace is switched on. The temperature takes a steady value in 
about 15 minutes. The currents due to the positive and negative ions is 
measured again in the manner described above by giving the Faraday cylinder 
a small negative or positive potential with respect to the graphite tube, which 
is always kept at earth potential. The retarding potential is usually kept two 
volts but in the case of lithium chloride, the order of the electron current is 
comparable with the current due to the chlorine ions and so while measuring 
the chlorine ion current the retarding potential is kept very low. If the 
potential is kept high the electrons are accelerated and an tmusualiy high 
current is recorded. 

The temperature of the graphite tube is recorded by means of a disappearing 
filament type of pyrometer having two ranges, A ni^d niohrome thermo- 
ooi^ple is used to indicate the temperature at which the salt vapoiises. It 
is very necessary that during the experiment the. temperatures remain steady. 
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There is no difficulty in maiutairung steadiness of teinperatuie in the case of 
the subsidiary furnace, but the temperature of the graphite tube Bometimes 
fluctuates by small amounts due to the fluctuations hi the voltage of the supply 
mains. For this reason, it becomes necessary to record the temperature of 
the graphite tube at very short intervals. 

The experiments have been performed with three salts, KCl, NaCl and LiCl. 
The results obtained with each salt are given below and discussed separately. 

Potassium Chloride, 

The heat of ionisation of jx>taBsium is well known to be 99*5 Kilo calories. 
The heat of dissociation of potassium chloride into a potassium and chlorine 
atom is known to be 101*4 Kcal. The order of ion currents obtained in 
this case is of much greater order than the electron current (obtained from 
a blank experiment) and therefore the presence of the latter does not disturb 
the equilibrium represented by equation (2). Theoretically the positive ion 
current and the current due to chlorine ions should vary in versely as the square 
root of their atomic weights, and the effect of the extra electrons due to the 
graphite should increase the proportion of chlorine ions, but on the contrary it 
was found in many cases that the positive ion current was sliglitly larger than 
the chlorine ion current at low temperatures. This is probably due to the for- 
mation of molecular chlorine, according to equation (5), which diminishes the 
pressure of chlorine atoms, and. hence the chlorine ion concentration decreases 
according to the equation (4). At higher temperatures the formation of 
molecular chlorine diminishes and more electrons are given out by the graphite 
tul>e, hence the current due to the chlorine ions increases in proportion. Table 
1 gives the results of observations. The vapour pressure of KCl was directly 
extrapolated from the empirical formula of Fibch and Rodebush 

^-+8-3626 


Tabjl-e 1. 


Diameter 
of the 
eflusion 
hole, 
(mms.). 

Vapour 

pressure 

(dynes/oma). 

■ 

Temporatuie 
of the 
graphite 
tube. 

CO.) 

»A' f Xl0» 
(amps.) 

X 10* 

(amps.) 

Kxl0& 

Q 

(Kilo oals.) 

M7 

«0*95 

1620 

583-4 

683*4 

127*6 

114*7 


S4A8 

1660 

37*04 

84*61 

52*72 

114 


27*66 

1630 

1 24*5 

21*78 

41*6 

113*6 


16;2 

1380 

4*668 

4*279 

3*909 

in 


28% # 

1625 

1 11*97 

17*96 

114 

114*8 


16*66 

1625 

1 1616 

16*19 

276*2 

112 


17*33 

1660 

8*079 

6*171 

40*61 

114*2 

♦» 

IIM 

1640 

26*22 

12*93 

49*03 

112*9 


17*33 

1620 

1 6*819 

3*666 

19*72 

114*8 
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Taking the mean of the above values of Q we get 113*5 Kilo oalories, 
and hence from the formula E D+l^Q we get {99*5+101*4— 113*5} = 87*4 
Kilo calories for the value of the electron affinity of chlorine. 

Sodium Chloride, 

The results obtained with sodium chloride vapour are given in table 2. 
It will be found that the positive ion cunent is much larger than the 
current due to the negatively charged chlorine ions, specially at low tem- 
peratures and pressures. The atomic weight of sodium (23) is smaller than 
that of chlorine (35*5) and so the effusion current due to Ka+ should be 
larger by 1*243 times, but it will be seen that tlie current is sometimes twice 
or even more. The cause is again due to the formation of molecular chlorine 
as explained in the case of potasaiiun chloride. At high temperatures the 
proportion of chlorine ions increases. The vapour pressure of sodium chloride 
has been calculated from the empirical formula of Fi6oh and Rodebush 

9419 

j^+8-3297 


Tablk 2. 


Diameter 
of the 
effusion 
hole. 

Vapour 

pressure 

(dynea/omS). 

Temperature 
of the 
graphite 
tu^. 

(amps.) 

id- X 10^ 
(amp*.) 

Kxio’ 

Q 

(Kilo oak.) 

M7 mm. 

S2*59 

1625 

70*87 

67-67 

128*6 

132*4 


U-71 

1820 

27*62 

25*6 

180*3 

131*7 


6l»7 

1600 

108*7 

64*82 

283*2 

127*7 

»» 

41*49 

1500 ■ 

74*64 

46*37 

206*3 

126 


16*81 

1606 

21*34 

6*762 

19 

130*6 

M 1 

11*71 

1600 

14*41 

6*403 

16*26 

130*7 


76*9 

1470 

30*4 

14*99 

14*24 

128*7 


16*81 

1460 

11*89 

3*60 

6*439 

130 


11*71 

1460 

7*565 

2*881 

4*422 

131-3 

•» 

81-U 

1440 

10*87 

4*478 

3*701 

13M 


7«*9 

1400 

21*07 

9*317 

6*896 

126*3 


The average of Q from the above comes out to be 129*7 Kilo calories. 
The heat of dissociation of sodium chloride into sodium and chlorine is 
known to be 97*7 Kilo calories and the ionisation potential of sodiinn is 117*9 
Kilo calories. The electron affinity of chlorine is therefore (97*7+1 17*9—^ 
129*7) =« 85*9 Kilo calories. 


Lithium OMoride, ^ 

It has been seen in the ionisation of KCland KaCl that the current due to 
chlorine ions is diminished due to the formatioU of mcleoute It is 

therefore to be expected that in the case of lithium chloride the proportion of 
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chlorine ions would be minih smaller. On the contrary it was found that the 
number of chlorine ions was much larger than the number of lithium ions. 
Lithium has a high ionisation potential of I2H*8 Kilo calories and the heat 
of dissociation of LiCl is also very large (114*4 Kilo calories). The order of 
currents obtained at the temperatures used (14(M)‘^C. — 1025) is therefore of 
much smaller magnitudes than the corresponding currents for KCl and NaCl, 
The electron current due to the emission from the graphite tul>e was negligible 
in the latter oases, but in this case it is of the same order as the current due 
to the ions. The effect of a large percentage of free electrons will naturally bo 
to retard the ionisation of lithium and to accelerate the formation of chlorine 
ions. It is for this reason that chlorine ions are present in such a large 
proportion. 

As no. arrangement has yet l>een made to distinguish between the negative 
ion and electron currents, it has been supposed hero the negative current is 
all due to the chlorine ions. This may introduce an error in this case. Attempt 
was made to carry out the experiments at low temp^sraturos in the absence of 
free electrons but then the currents were so small that the galvanometer could 
not detect them. One extra precaution has however been taken in this case. 
The retarding potential, while measuring the chlorine ion current, was kept 
very low (0*5 volt) because of the presence of electrons. A largo voltage 
accelerates the electrons and an unusually high current is obtained. 

The results obtained are tabulated in table 3. The vapour pressure has 
been extrapolated from the formula given by Wartenburg and Schulz 




37200 
4-57 T 


+4-923 


Tablr ». 


Diameter 
of the 
oHutiiou 
hole. 

Vapour 

pnwflure 

(dynos/c,n8). 

Temperattire 
of the 
graphite 
tube. 

iLi+XlO*' 

(amps) 

(amps.) 

A'XIO'® 

Q 

(Kilo o«1h.) 

1*17 mm. 

139 

1660 

98*54 

262*8 

2743 

148*7 


360*6 

1640 

102*2 

240-8 

979-7 

16M 


139 

1626 

78 

176*2 

1330 

148*8 

tf 

203*7 

1620 

43*8 

163*3 

476-2 

162*4 


77*27 

1610 

37*36 

79*41 

660*9 

160*9 


77*27 

1675 

32*79 

42-05 

250*4 

150*9 


307-6 

1420 

9*344 

9*344 

3-650 

. 

162 


COKCJtUSION. 

In this paper is ^escribed an experimental method for finding out the 
eleotaron affinity of the halogens. The method has for the present been applied 
to only. The value of this quantity, from the two sets of most reliable 
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determinations, comes out to be 80*6 Kilo cals, and the theoretical value given 
by Bom, Mayor and Helmholtz * is also 86* 5. The results are therefore in perfect 
agreement with the theory. Further experiments are in progress for finding 
out, according to this method, the electron affinity of the other halogens. 

We wish to record our sincere thanks to the Royal Society of London for 
the award of a grant whicli enabled us to construct the vacuum furnace, and 
buy the pyrometer, thermocouples, and other apparatus mentioned in the 
paper. 

Rkferbncbs. 

1 E. Mayor and L. /. Phys., vol 75, p. ID, (19S2), 

2 Max Bom and E. Mayer, — -Za.f, Phytt., vol. 75, p. 1, (19!12). 

3 M, N. Saha and R. Sharma.^^ Acacl. Sc, U,P„ vol I, p. 119. 

♦ Angercr and Miiller, — Phys, ZtUe^ vol, 26, p, 643, (1925). 

6 E. Loderle,— E#./. Phys. Chem, R.. vol. 17, pp. 84, 85, 353. (1932). 

« H. Kuhn,-^-.2:tf./. Phya, Ohem., vol. 19, p. 227, (1932). 

7 Oldonberg, ‘ Rev., vol. 43, p. 634, (1933). 

8 J. E. Mayer,— Etf./. Phya,, vol. 61, p. 798. (1930). 

® P. P. Sutton and .T. E. Mayor,— ./our. Chem. Phya., vol. 3, p. 20. (1935). 

10 Gibson and Hoitler,— Phya„ vol. 49, p. 465, (1928). 

11 M, N. Saha and A. N. Tandon, — Proc. Nat, Acad. Sc. India^ vol. 6, p. 212, (1936). 

1* Fitich and Rodebuah, - Vour. Am, Chem, Soc,^ vol. 48, p. 2652, (1926). 

18 Wartenburg and Schulz, — Za,f. KUc, Chem,, vol. 27, p. 568. (1921). 

1* M. N. Salia and B. N. Srivastava, A Treatise on Heat, p, 703. 
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P. V. SuKHATME, Imperial Institute of Su^ar Technology^ Cawnpore, 
(Communioated by Prof. P. C. Mahalanobis.) 

(Bead January 5, 


Intboduotion. 

A good many contributions have been added in recent years to the 
' Problem of k Samples " as formulated by Neyman and Pearson. The dis- 
cussion is confined to Normal Law Variation and little or no attention is paid 
to non-normal populations. The first attempt in this direction was probably 
that of the author (1) who considered the case of Exponential Law Variation 
and developed a technique of analysis completely analogous to that of Neyman 
and Pearson. The object of this paper is to consider the problem in relation 
to yet another two populations- — ^the Poisson and the Binomial Series — the 
technique for which is fairly known in the works of Fisher. The main interest 
of the paper, however, is that the technique of this paper forms an alternative 
approach to the ^ Interval ^ technique of analysis distmssed by the author (1), 


The hyvothesks considkiib». 


It is known that if an event occurs randomly in space or time and the 
variable considered is the number of occurrences counted in a fixed space or 
time interval, then the chances that this variable takes values 0, 1, . . . a: . . . 
are given by the terms of the Poisson series 

6 1 1 , m . . * * !• 


Suppose we have a type of data arranged as follows : — 


*11 








m 




^1** • ' 

, .K*,. . . 

. . * . 

* 

, , 

.. (1) 


where is the number of occurrences ooimted in a fixed time or space interval 
and the chance that the variable in the column and the row takes the 


value mu given by 



*« ! 


( 2 ) 


Thu« in the cane of the telephone problem cmeidered in my paper (1), 
if n represente the number of time units during the day and k the number of 

wu 
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stations, then will be the number of calls arrived during the unit at the 
exchange. The problems for consideration would then be whether 

(а) the intensity of traffic during the day (or part of the day) varies 

more than might be expected through chance causes ; 

(б) the traffic is significantly different at different exchanges, assuming 

that during the day its intensity is the same at every station ; 

(c) the whole set of record (or part of the set within a rectangle) could 
be combined together without loss of homogeneity. 

Analytically these problems would take the following form : — 

(a) The hypothesis Hi that the variation within columns is no more 

than might be expected through chance causes. That is to say 

“ ” 1 ( 3 ) 

(b) The hypothesis Here it is assumed that 

“ = ^ 

the hypothesis to Ix) tested is then that 

as « aas . as . . . . . . (4) 

(c) The hypothesis H that the whole set of observations, have come 

from some common Poisson population. That is to say whether 
(3) and (4) are true. 

Our purpose is to determine from the observed data suitable criteria to 
test the hypotheses and H, and to obtain their sampling distributions. 

The likelihood ratio as defined by Neyman and Pearson (2, 3) has proved to 
be a very powerfiil method in determining suitable tests of the statistical 
hypotheses. In the case of Normal Law Variation the method leads to the 
usual analysis of variance tests and to certain new tests of practical value. 
In the case of the x* law variation with two degrees of freedom the method 
has again proved to be of immense use. We shall use the same In the present 
instance and shall find that the method leads to the well-known x* tests first 
given by R. A. Hsher (4), 

ThB DKEIVATIOK of OHITXBIA. 


The probability function for the joint occurrence of the nk values is obtained 
by multiplying expressions of the type ( 2) and may therefore be written 


P 


Jj 


( 6 ) 


The method of likelihood ratio consists in defining two sets of conditions : 
(a) the conditions which are assumed to be satisfied ; (6) the conditions which 
define the hypothesis to be tested. Thus considering the hypothesis JET,, 
the conditions (a) are that the observations have "been drawn from the 
same Poisson population mu and the oonditiona {b) are that same 


.... say; 



FOB F0IS80N POPULATION. 


m 


SO that the observations in the group are drawn from a common Poisson 
population mi(t a® 1, ... A;). The conditions (a) define a class Q of admissible 
set of populations and the conditions (b) define a sub-class w, of i? to 
which m^i must belong if the hypothesis tested be true. 

The maximum value of p in equation (5) associated with Q is called 
p(Q max.) and associated with oi is called p(<o max,). The likelihood ratio 
is then defined as 



p(Q max.) ' ^ 

which is supposed to give the suitable criterion of the hypothesis. For it is 
clear that A must vary between 0 and 1 and that the smaller the value of A 
the less likely is it that the populations Iwlong to that is that the hypothesis 
tested is true. 

Consider the hypothesis 

The conditions (a) and (h) are already defined above. The set Q 
consists of populations mti(i = 1, . . , ^ = 1, , . , w) and the subset consists 
of populations = 1, ... ^) to which the group (/ « 1, , . . belongs. 
We have from the relation (6) 

log p = -S(m, ,)+«{*„ log m ^.\ -«|log x^. 1 } 

... 

0 m,. m,, 

whence for the maximum value of p, we have 




giving us 


p(Q max.) - 77 77 


In exactly the same way we have for the subset <o 

\ogp<= -8(m^) +S(a;„ log m,) -S { log x ^. ! } 

giving US 

•a 1 

glogP ^ „ I < “ 

9 

where the summation S extends over the values in the group. 

i 

For the maximum value of p we have 


m, 


f(*«) 

n 


and 


j7(o>max.) me' 


A h 


(7) 


( 8 ) 
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Hence 



p(u) max.) 
p{Q max.) 


* n*. 

n (*/.) 

1 


k n 0.. 

n n (*«) “ 

I 


Following the aamo procedure we shall have 



where x.. denotes the mean of the whole set of N observations and 








k n * 

n n (X,.) 


where N =« nk. 


( 9 ) 


.. ( 10 ) 

(11) 


It will be noticed that 

If A is to be regarded as the fundamental criterion of the h3rpothesi8^ 
we shall have to obtain the probability P|A<Ao} that A is less than or 
equal to a given value Ao if the hypothesis tested be true. It will be found, 
however, that the approach to this problem necessarily involves limiting 
approximations, one of these being the approximate expression for A itself. 
These approximate expressions for A's are found identical with Fisher’s 
indices of dispersion. Thus for A// we have 


Substituting 


-log \ff » (log»^-log x).. } 

4 

-log {log )} 


• . (13) 
.. (14) 




+i-l ~8 

8Vir 




. 1 1 q 

»+ 3 i“ ^ 


z\. 

u 


z., v** 


1 + ^ 
o<e<i 




(15) 


^ ♦ The eaqwiudon of leg (l+j) velid if */, is less than one. This may not, how« 

ever, aJways happen. But it may be shown that within the boundary of the Best (Htical 
Region its value is less than one and that the expansion is valid. " * V 
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where ti can be made as small as possible by making x_ stifficiently large, 
which is a direct consequence of the fact that m is large. 

We thus have the result that the distribution of —2 log A// approximates 
1*“”® 

to that of £i 11- as m becomes large. 


In the same way wo shall have 



and 




(16) 

(17) 


The mSTRIBTTTIONS. 


The expressions on the right hand side of ecjuations (15), (1(5) and (17) 
resemble the ordinary x* a!id are known U) be distrihutecl in a Pearson ian 
distribution with kn — l, ifc(n— 1) and ^*^1 degrees of freedom. A rigorous 
proof giving the distribution of x® be made in more than one way. It 
is proposed in this paper to follow the method of KohKkiejozyk (5) who gave 
the proof for the distribution of x® for a single sample of the Binomial series, 
and show that the x® samples of the Poisson series follows with good 
approximation the Pearsonian distribution for large value of m. 

It is clear that we need consider the distribution of only one of the thrciie 
forme of x® given above— say the first. Denote by P[ x®<x\ } the probability 
that X® is less than say x®^ ■ It follows : — 

■■ ■ OS) 

where the summation S extends over the system of values given by 


<4 


■ ( 19 ) 


Since it may be shown that the sum of a given number of terms of the 
Poisson series can be represented with good approximation by the integral of 
a normal curve with the same moan and standard deviation when m is large, 
we may for large values of m write 

T • • • U ^ ^ .. (20) 

irhere axe iMWiiaed continuous, ff'g denotes the region defined In (19) and 
9 can be made as anull as possible by maidng m sufficiently large. That is to 
say, gi^en • , any +<» number, however small, we can always find a number 
Mg attoh that for j <« . 
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Let U8 put 


S(x^-m)i 


1 = 1 »» 

and choose a positive number Q such that 

where is defined by 


77 n dx..^I(Wo) .. .. ( 21 ) 


71 77 .. ( 22 ) 

/ • 1 # — 1 


<Q* .. 


. ( 23 ) 


x,,-m 


•s/ m 


• ( 24 ) 


C/onsider the region — the part common to H^o and . It follows 

that 

P{x^<x\}^H^t)+Vz .. .. ( 25 ) 

where 

I Ty* I <2€ for m>Wo. 

It should be noted that for all points in the region wo have 

I ““tn I tti 4 • • ■ • • • • (2G) 

|a& — (27) 

and hence 

l5c„-S |<2CV« (28) 

Consider the legions and defined by 


<X*o-« 




It follows that 




<x*„+* 




Wt<Wt<W4 .. 

w&ere the symbol < denotes ‘ ooutained in ’ and, 

7(ir,)</(ir,)</(Jf4) 
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Now the inequalities (29) and (31) may be written as 
8{x .S: )® ( ^ — m\ 


S(x^i-9.] 


<(X*o+‘) 1 + 


whence it is clear that by increasing m if necessary we shall have 

/ ^ —mX 

>(4 - *) ( 1 + -^“ ) >x“o “2* 


x*o<(x^+«: 




<x\+ 2 e. 


Denote by If 5 and the regions defined by 


8( x ,,-9_) 


— <x‘o-2*l 


^(a; — w)* 

±Jl L ,cQt 

m 




^ < X *„+ 2 « 




We then have for m sufficiently large 

(43) 

giving us the result 

/(lF»)</(Wg)</(lF,) (44) 

Consider now the regions W-, and Wg corresponding to the inequalities 
(39) and (41) respectively. Then owing to the property of the number Q, we 
have for m>mo 

/(W,) - /(W,)+i ,4 (46) 

and . 

7(W8) = J(ir,)+,g (46) 

where 

I I and | i)g | are each less than c. 

3 * )2 

But the probability integral of is the well-known ordinary x* 

integral, whence we have 


Urn P{x»>4) “(2)*V(i/)/(x*)*^ ‘e ***rf(X*).. .. (47) 



304 


P. V. StJKHATME : THE PROBLEM OF jfc SAMPLES 
where / = number of degrees of freedom 

In exactly the same way it may be shown that the two forms of x® fo** 
and hypotheses follow ^^-distribution with degrees of freedom equal to 
A:(n — 1) and ^ — 1 respectively. 

The binomial series. 

Analogous procedure may be followed in the case of Binomial series. 
The data such as those on page 297 may now arise in a variety of ways. Thus 
for example, the n values of x in the column may represent the number of 
infested barley ears in n samples of, say, 20 each, drawn from the plot and 
h will represent the number of plots and the problems for consideration would 
then Ix^ whether the material is homogeneous within a plot, whether the 
proportion of infestation varies considerably from plot to plot and so on. 

The complete form of y^-technique is given in Table I whore in the case 
of the Binomial series 

pf . represents the proportion of infested ears on the plot ; 

p,, i» the proportion of infested ears on all the plots ; 

SB 1 -^pf , and g. . =« 1 — p. . 

and the notation used for the Poisson series is one that has been already 
explained. 

Table I. 


Variation. 

A-critoria for 
Poisson Berios. 

Poisson Berios. 

Binomial Bones. 

■ 

Degrees of 
fre^om. 

Within ColurmtH 

1 

L . 

n i^t.) 

fm 1 



fc{n-l) 

k n 

n n (*,,) 

1 i»=l 

i f,. 1 

i I 

Bet/ween Columns . . 

h 1 

^ — 



ib-l 

Total .. 

(*..) 



Jbn~l 

n n (x„) " 

^ I i *= 1 

■ I 



In conclusion it must be emphasized that the expressions obtained for the 
probability approximate and hold true in the limit 

when m is sufhoiently large. The effect of this stipulation in practice and the 
illustration of the uses of these teste are discussed elwwhere (p); It is found 
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that when w is as large or larger than 3, the x®-forms for the Poisson series 
follow the ordinary ;^®-di8tribution with good approximation and that the 
X®- tables may be used with oonfldenoe (7). 

Summary, 

A statistical technique called the technique of ‘ Count ’ analysis for samples 
drawn at random from a Poisson population has been developed. In particular 
three statistical hypotheses corresponding to Neyman and Pearson’s Hi, 
and H hypotheses for Normal Law Variation are considered and the principle 
of likelihood ratio is applied to get suitable criteria based on observations. 
It is shown that the criteria follow the well-known Poarsonian x^’distribution 
with degrees of freedom appropriate to respective hypotheses. It is em- 
phasized that the tests are approximate and that the approximation becomes 
satisfactory when m, the population parameter, is as large or larger than 3. 
A similar set of hypotheses with their criteria are given for samples of the 
Binomial series. 
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REFLECTIONS FROM THE IONOSPHERE. 


By R. N. Rai, Dtpartmeni of Physics^ Allahahmi University. 

(Communicated by Prof. M. N. Saha, D,Sc., F.K.S., F.NJ.) 

(Read Janiuiry <5, 1937 .) 

A large amount of work ^ has l^een don© on the Btiuiy of the propagation 
of wireless waves through the ionosphere. Mary Taylor ^ has drawn dispersion 
curves for tli© general Apple ton-Hartree formula taking dilferent valu(5s ol‘ 
the friction and Booker ® has attempted a- general theoretical investigation 
of the state of }K)larisation, absorption and the <!on<lition of reflection of the 
waves. In all tliese discussions it has been 8U})posed that the condition of 
reflection of the waves from the ionosphere is obtained by ©(^uating the real 
part of the complex refractive index to zero. While for obi i (pie propagation, 
it is physically quite plausible that there will bo total reflection of the waves 
when the value of g falls below a critical value dej)©nding uj)on the initial 
angle of incidence, it is not quite clear why the waves should be refle(‘ted in 
the case of vertical propagation when the value of p is nwirly zero. It is more 
correct say that reflection takes plac45 when the group velocity vanishes. 

Though this suggestion was first made by Appleton * in 1928 it appears 
that nobody has so far taken serious notice of this suggestion. In fact, every- 
body seems to have assumed that we have, in all tjases 

UV^c^ ( 1 ) 

But it can be shown that this relation holds only in the absence of the 
magnetic field. 

Thus Prof. S. K. Mitra in his well-known report’ says, on p. Ifi4, that IJ = cp 
in cases where the action of the earth’s magnetic field can l)c neglected, i.e. 
for short waves. But it will be presently shown that even in this case, the 
relation is not correct whan the electron-density is suffi(;iently large. Further, 
Booker * has assumed that in the general case (H ^ 0) the group path is given 
by 



J ** 


So here clearly the assumption is made that the group velocity U » cp even 
when // 0. 

Gbovt venoomr in thm Iokosphbbj:. 

To simplify the mathematioaJ working we have taken friotion to be zero 
although mnall values of wllisional frequency will not appreciably alter the 
results. 


VOJ.. IH—No. 8. 


[PnhiMhed May i7th, 1M7. 
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The group velocity U is given by the formula 


d /v\ 
IJ 'Sv dv\v) 


( 3 ) 


where v is the frequency, k the wave number and V the phase velocity of 
the waves. This formula was originally proved by Lord Rayleigh ® for a 
frictionless medium, but nobody seems to have worked out how the formula 

will be modified when absorption is considerable. Since V ^ - , where c 


is the velocity of light in vacuo, 


I 

U 


] d Id 

c dp ' ' 


where p , The above can be written, if we put as 

1 8’/* f , 


IJ 


L ^2 8 dpj c 'J 


Now we have 


where 


1 + 


X’ 






yu T 


V 




4^Ne^ 


eH 


m 


Pl, t 


L, r 


me 


( 4 ) 

( 5 ) 


€ asB the charge of the electron in e.s.u. 

M sss mass of the electron. 

N saa the electron density. 

Uj » component of the magnetic field along the dii^eotion of pro- 
pagation of the waves. 

//y. 5= cjomponent of the magnetic field at right angles to the direc- 
tion of propagation. 

Putting these values of x, and it can l)e easily shown that 


3 «» /i* 


wl^ere 


^A+i 


!>*/ 


2p# 







(«) 

( 7 ) 
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i d ,, 

p (/nS) = p ^ (M) (teS). 


We therefore obtain 


1 8‘/* f «, d ,, 

T7=T ^ + 2 5^; 


and 


Inb = In 1 — /1+f) 








« /(“-&)(■+?) 
«(”-s)(‘^^) 


Hence, 


8*/* 
” ; 


1 

8V» 

(«?-!)*• 
i+V !?./.. 


w) ^to« u;*^ 
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or 


U~ c 






s)'-^+f!+ 



\ wj 

(M 

(U)— 1— .(4+f) 


J 

;)‘-/l+f! + ( 


"’-i) (^+i) 

2f ;; 





c 


{w^ 


/ 1 \ ^ i 

-l-.4+|^- -A+i\ 










(M 


COKDTTIONR OF RKPLECTION OF WAVES. 


Ill tlie ahHonce of tho magnetic field, 


1 


and 


or 


£7“ c c8’/* 

ssc fiC, 


Hence the group velocity vanishes when /i = 0 and the condition of 
reflection is the same as that obtained by putting /a = 0. 

In the presence of a magnetic field we can write 

U Z 

whore 

f '/.!*/*[ 




(«) 
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3)1 


U ■ 'V± 




The iJpjK^r sign in Z and D gives one wav^o and the lower sign gives the 
other wave. The group v^elocity v^auishes when any one of the two factors of 
Z is equated to zero. Hence wo obtain reflection when 


„A_1 _ J ± j IJb+A^ 

-^±{(«-“) «+^*} 


Taking iJic condition (ll.n) we have 




{(,- 






L J 


Henoe equation (ll.«.) is satisfied wiion 
(1) w;**— 1 = 0, i.e. ?/; = 1 
or (2) w‘-m'*(1+24+JS)+.S = 0, 

substituting for w, A and B, we get 


iu.») 

By substituting these values of w* in wo can easily see that «? *» ) 

refisrs t/O the positive sign on the right hand side of (ll.a') and the value of 
JJfl* (12-6) refers to the negative sign. 
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We thus find that Z vanishes when we take the upper sign (+) ajid put 
1 /) = 1 . But it is easy to see that the corresponding expression for the deno- 
minator also vanishes and we have 

— « “ which is (indeterminate). 
e u 

Putting w wore c is a small quantity of the first order, we can 

show that — -^0 as €->0. We thus conclude that the group velocity of the 
c 

wave given by the upper sign vanishes, when w « 1. The group velocity 
of the other wave vanishes when 



Taking the condition (11.6) we get 

- i (”- s) i - ± { (”- 5)’^+^’! 

It is easy to see that for the positive sign before the radical in the above 
equation it is satisfied when w « 1. It is now evident that this condition also 
gives the same condition for the vanishing of the group velocity of the wave 
given by the upper sign as the condition (ll.a). Taking the negative sign, the 
roots are given by 


,e. ±(2^+B)'/* 


Tins gives 


« V(2^+^)-H4+(2^+^)V« ^ 

«.d „ _ 

We thus conclude that while there is only one condition for the reflection 

of the wave given by the upper sign in the expression for — there are four 

c 

oonditionA for tho reSection of the other wave given by 


(1) V 


(2) K): 


( 3 ) «>« 


1 

•\/(2i4+J5)+4+(2^+B)‘''* 

‘ ! i 

\/(2i‘+S)+4-(2A+fi)V» \ 
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Thus W6 see that for one of the wa-ves the conditions of reflection is independent 
of the earth’s magnetic field. This particular wave we will call the ‘ ordinary ’ . 

We take (2) and (3) first. It can be shown that this leads to the usually 
accepted condition for reflection of the extraordinary wave, for taking (13), 
and substituting the value of A and B we get 


Now we have 



and 

or 

or 

or 

The electron concentration 


P._Pp ^ 

Po P ^ Po 

P^-Pi? ^ ±PPj^ 

^ P^^±PPrf 
= P^^PPfr 


at which the ordinary is reflected is given by 




mjr 

irre® 


(55) 


The electron concentration at which the extraordinary is reflected is 
given by 


The extraordinary thu« can be refleotetl from two electron concentrations 
given by 


(2) ) 


( 10 ) 


In the case of the extraordinary, the electron density given by the first 
of the above values is the usually accepted value. Regarding the value of 
corresponding to the positive sign (2) it was supposed so long that this could 
not be detected as this kind of reflection would take place at a height higher 
than the one at which reflection process (1) and the reflection for the ordinary 
ray takes place. But Toslmiwal and Pant® in this laboratory obtained three 
reflectiims, the highest of which was interpreted by Toshniwal ’ to correspond 
to jirooess (2), This interpretation has been fuither experimentally verified 
by I^iv Harang ® working at Troms<^ by photographing the {P\ f) curve. 

We shall bnyv examine the other two conditions. These are not obtained 
when we obtain the conditions of reflection by putting p « 0. Taking the 
<x>ndition (1) 

Pb^>Pi.* 
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We have then, when />>?>//, 


^>o* = P*' 


1-P/.VP* 


= jf**— approximately 


.. ( 17 ) 


When p^j >p >pj , Pq ib imaginary. 

When Pi >/), it can bo shown that the condition refers to the rofloction 
of the ordinary wave and 


Pi^ 




From (17) we have for short waves 




.. ( 18 ) 

.. ( 19 ) 


Wo will thus have in general the follow'ing conditions of reflection : 

= Pf^^ ordinary wave 

V^-PPu =» Po* 'I 

'P^-¥pPff — Pa ' extraordinary wave .. .. (20) 

p^-p^ = approx, j 

For shoi’t waves there will be three conditions for the reflection of the extra- 
ordinary wave and only one condition for tlie reflection of the ordinary wave. 
Tliese are given by 

p^ ^Pq^ ordinary wavt5S 

P*-.PPtf = Po* j 

p^-^pPfj = Po* > extraordinary . . . . (20') 

P^-Pr - V approx, 1 

Of the three extraordinary reflections we may observe one, two or all the 
three reflected pulses depoading upon the intensity of the reflections. Unfor- 
tunately a purely ray treatment cannot give us any indication of these inten- 
sities. If tlie reflection corresponding to the layer given by the condition 

P“-PP/, =Po* 

is quite strong and can l)e observed, the ordina-rj^ and extraordinary penetrating 
fre<|uency will l>o related by the equation 

p*-ptp„==pi*> 

where |3j c* 2itvi 

and jPg » 2vv^ 

uud I'j an<l vg are the ordinary and extraordinary penetrating frequencies, 
the diflei'eneo Ix^tween thorn being ’7 megacycles approximately. 
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If, however, this reflection is weak and cannot bo observed and wa are 
observing the reflection from the layer corresponding to the relation 

tlie relation between the ordinary and extraordinary penetrating frequencies 
is given by 

*= Pi*- 

From this the difference Ixstweon the ordinary and extraordinary penetrating 
frequencies comes out (taking the ordinary penetrating frequency to be 4 
Mc./sec,) to be 0*13 Me. /sec. for Allahabad. 

If instead of using this approximation we use the exact formula (17), 
t-he difference between the penetration frequencies comes out to be 0*135 
Mc./sec. for Allahaba<i. This result shows that we are justified in taking the 
at>ovo approximation. 

The experimentally observed value of the difference between the ordinary 
and extracirdinary penetrating frequencies has so far been reported to be 
about 0*7 Mc./sec, by workers all over the world as well as in the Allahabad 
laboratory. In addition, Messrs. Pant and Bajpai have several times observed 
this difference to be only about 0*14 Mc./sec. This result which at first 
appeared to be very puzzling admits of an easy explanation on the above 
theory. 

Ff)r England where the horizontal component of tlio earth^s magnetic 
field is only 0*18 Gauss (i.e. only half of the value at Allahabad), when the 
critical penetration frequency is 4 Mc./sec. and absorption is small, this dif- 
ference will be only 0*06 Mc./sec. and it may be difficult to observe. 

It may be observed that we can write (18) as 

i.e. (p,-J>o)(j».+Po) * Vt 
P r 

or (p,-l>o) - ^ ftpprox. 

This shows that even when Pj, is largo the difference between the penetration 
frequencies will be the smaller, the larger the value of the penetration frequency 
for tlie ordinary. To get an appreciable difference, therefore, the observations 
should be at a time when the penetration frequency is small, i.e. when the ion 
concentration is small. 


RBI.ATION BUTWBBN THB OHOOT AND PHASE VKIOOITIES. 

In the absenoe of firiction and magnetic field the product of wave and 
group veloQities is o*. When a magnetic field is present, we get 
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(«;*— 1 — 


(mj* — 1— ^+f) 








2f 




■A+(-^+ 










'-'+!*(-s)‘('+i^)!y 


. ( 21 ) 


2f 


The formula shows that in general IIV ^c*. We shall evaluate it in some 
particular oases. When 

p^Pfi and w>l, 

we have f «= 


Hence neglecting 1 and A in comparison with u», we get 


C7F 


1 

j I 

1 

2(te»±J?V*M,)* 


( 22 ) 


Hence when w^l, i.e. for low electron deneitieg 

UV^c*. 

For gmaller valueg of w, i.e. high electron, density, this will not be tnie. In 
particular for the ordinary wave wh«i w is very nearly 1, UV in equal to zero. 


OONOLtJSION. 

Starting from the assumption that reflection of radio-waves from the 
ionosphere takes place when the group vanishes, we have shown above that 
we get only one condition for the reflection of the ordinary wave, but four 
conditions for the reflection of extraordinary wave when using long waves. 
¥of short waves the conditions for the reflection df the extraordinary wave 
are three. It has also been shown that the difference between the penetration 
frequencies for the extraordinary and <me of the ordinary have a 
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small value of the order of *136 Mo./sec. In addition it has been shown that 
the product, of the group and phase velocities is not always =» c®. 

1 wish to express my sincere thanks to Prof. M. N. Saha, P.K.8. and Dr. 
G, R. Toshniwal, I).8c.> for their kind interest and encotiragement, and to 
Mr. 11. R. Bajpai for helping me with mathematical calculations. 
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CHEMICAL ANALYSIS OF INDIAN MEDICINAL PLANTS. THE 
ACTIVE PRINCIPLE AND OTHER CONSTITUENTS OF 
FUMARIA OFFICINALIS REDD. 


Bp Rai>ha Raman Aoarwal, Chemical Laboratory, University of Allahabad, 
(Communicated by Dr. S. Diitt.) 

(RcoaI March 25, 1957.) 

Fumaria officinalis Bedd., known in India hy the vernacular names 
‘ Shaheterah ’ or ‘ Pitpapra ' (HinduHtani), or * Pipara ' (Bengali), is a common 
herb iKjlonging to the natural order Fumariacai, The plant ha8 Iwen in use 
in the Indian system of inedicfine for a very long time, being regardtKl aa a 
diuretic and alterative. Besides, it is known to reniovo hepatic obstructions 
and is an aperient and expellent of humours but more especially of atrabiles. 
It has also been successfully used as a laxative, and is I>eiieftcial in dyspepsia 
depending upon the torpidity of the intestines, and in 8(;rofulous skin affoetioJis. 
The taste of the plant is l.ntter, slightly acrid and astringent. 

As regards its chemical composition, it has been a Rubjc(rt of numerous 
investigations. Pesohier in 1829 (»/. Plmrm.^ 1829, IT, 280) foumJ an alkaloidal 
principle in it, a fact which was later on corroborated by Hannon {J. Cheni. 
Med., 1852, (3), 8, 705). The properties of this base which was termed fumarine 
were later on described in minor detail by Betiandier (Pharm. Ztg., 1885, 
24, 542) and also by Reich wald (ibid,, 1880, 28, 161). The drug was also 
supposed to contain fumaric acid and salts (Peschior, loc, cil. ; Winder, Ann, 
1833, 4, 230 ; Trommodorf, J, Pharm,, 1833, 26, 152). Wehmor (Die Pflazen- 
stqffe, 1931) mentions that Schlotterbeck (Amer. Chem. Jour., 19(K), 24, 249) 
and also Schmidt (drcA, Pharm., 1901, 239, 401) showed that fumarine is 
probably identical with protopine. However, no reference to the latter work 
is found in abstracted chemical literature. Pictet (Vegetable alkaloids, 1913) 
retains the name fumarine and says that it crystallizes in prisms ni.p. lOJF'C., 
has the formula CjiH^^NO* and is optically active. 

The Indian variety of Fumaria officinalis was examined in this laboratory 
by Pendse and Dutt five yetirs ago (Ind. J. Med. Res., 1932, 22, 603), but they 
could not isolate the alkaloid. Since the plant is successfully used in India 
in native medical practice, it was deemed proper by the present author to riv 
investigate the problem and to test the claims of the Western workers in view 
of the work of F^dse and Dutt with regard to the Indian variety. As a result 
of the present research, it has now Iwn definitely shown that the drug contains 
1% of ittorgamc salts, consisting of a mixture of potassium nitrate (70^9%) 
and potassium chloride (29*1%) ; a hydrocarbon 0-5% which has been identified 

Vpli. in---No. 3. 
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a» penta-triaoontane O95H7JJ and an alkaloidal principle ( 0 * 13 %) identical with 
protopine ; besides tannins, phlobaphenes and sugars. 

The presence of penta-triacontane in this drug is of sufficient interest 
in view of the hyixithesis put forward by Ohannon and Chibnall {Biochem, ♦/., 
1929 , 23 ^ 168 ) regarding the metabolism and formation of paraffins in plants. 
According to their view the paraffins are formed from the fatty acids via the 
ketone. Stearone, the ketone derived from stearic acid, which is one of the 
most abundant fatty acids found in nature, on reduction will give ptuitatria- 
contane according to the scheme Ijelow : — 

C„H,6 . COOH > > C33H73 

(Stearic acid) (Stearone) (Penta-triacontane) 

The diuretic properties of the drug are mainly due to the presence of sindi 
large qiiantities of potassium salts. Protopine, which was originally isolated 
from opium, has been found to exist widely in nature especially in plants belong- 
ing to the natural orders, Papaveracas and Fumariaca?, e.g. Macleya cordatat 
Styloplmum dijyhylhmi, Sangunaria canadensis, Ohelidonvum majus and 
€orydaUs veruyi. It is a strong base and has powerful physiological properties. 
Protopine resembles cryptopine but solutions of the salts of the former have a 
bitter taste. In small doses protopine acts on frogs as a narcotic and in 
stronger dost^e ^walyses the muscle-substance and the peripheral ends of the 
nerves. Upon mammals it has a poisonous action like that of camphor, but 
differs from it in paralysing the circulating organs. It has l)een isolated from 
Funiaria officinalis in the form of its acetate after the removal of tannins, 
inorganic and waxy materials, and is the active principle responsible for the 
physiological action of this dnig. 

ExPKRmKNTAL, 

The material used in these investigations was collected from th© neighbour- 
hood of Jhansi District (U.P.), dried in the shade and the entire plant, minus 
the roots, was crushed finely in an iron mortar. A weighed sample of this 
powdered material was exhaustively extracted in a SoxhlbUa apparatus using 
different solvents when the following amounts of the extracts dried at 100^ 
to constant weight were obtained : — 

Benzene Extract,~A waxy-green mass was obtained which consisted 
mostly of chlorophyll and a white crystallme stuff of low melting point 
embedded in it. Yield 3 * 3 %. 

Chloroform Extract,— A yellowish green sticky mess smelling of suga^ 
and giving reactions for alkaloids was obtained. Yield 4 * 5 %. 

Akohdic Extract,— A yellow semi-solid moss (K)ntaining some brown 
crystalline mass was obtained. It gave a yellow precipitate wth lead aeetate, 
a green colour with aicoholic ferric chloride and reduced FeWing'S aoItitiom^ 
Oave reactions for alkaloids. Yield 13 * 1 %. v 
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Aquecme act . — A brownish eryHtaJline residue was obtained consisting 

of organic salts, giving tests for nitrates and chlorides. Reduced Fehling's 
solution and gave faint precipitates with alkaloidal reagents. Yield 5 * 1 %. 

2*5 kilograms of the well powdered material was t hen repeatedly extracted 
with boiling ethyl alcohol several times, in a big extraction flask of five litre 
capacity, The extracts wei’e filtered hot and on cooling dej;)Osited a flocculenf 
wlute crystalline precipitate. Tins was filtered and the dark green ahoholic 
extractive was concentrated whereby on cooling a further crop of the crystallirie 
mass was obtained. The two crops were rnixetl together, and washed several 
times with warm alcohol, till a dirty white crystalline mass (A) was obtained 
containing a tinge of greenish colour. The washings were added to tlu* 
alcoholic mother liquor. 

The mother liquor from this mass, consisting of a tiuek syrupy liquid, was 
then further concentrated, the final concentrations being done in a vacuum 
dessicator under a very high vacuum. The semi -solid residue thus obtained 
was then extracted severs i times with hot benzene, under a reflux condenser, 
till the benzene extracts were perfectly <,*olourle 8 s. Benzene removed all the 
chlorophyll and waxy material, and the mass then assumed a brown ish- 3 'e] low 
appearance. The combined benzene extracts, on the (‘omplete Removal of the 
solvent, gave a hygroscopic dark green mass, which on repeated washings 
with cold ethyl alcohol gave a dirty white amorphous residue which was added 
to the crysfaUine mass (A) obtained ixd'ore. 

The original alcoholic extract obtained after the removal of chlorophyll 
and wax through benzene was then dissolved in about one litre of alcohol. 
At this stage a little amount of white crystalline inorganic sul)staiice was 
left behind, which did not go into solution even on boding. This was also 
added to the crystalline mass (A). The alcoliolic solution was then treated 
with an alcoholic solution of lea<l acetate in order to free it from tannins and 
colouring matter. A flocculent yellow precipitate of the lead salt was formed, 
which was Altered over a filter pump, washed thoroughly with alcohol, sus- 
pended in ethyl alcohol and decomposed by passing a current of purified 
hydrogen sulphide. The filtrate obtained, after the separation of lead sulphide, 
was then concentrated under reduced prc 88 un\ A thick brownish -yellow 
residue was obtained, which failed to give any crystalline stuff and answered 
to all reactions of tannins. It was extracted with different solvents but no 
ehemioally pure substance could be isolated from it. 

The clear alcoholic solution obtained, after removal of the lead lake, was 
then freed from excess of lead in the usual manner and concentrated to a 
atnall volumf . A little acetic acid was added and the solution left for about a 
leaHmight when 'fine silky needles separated out which were filtered and washed 
with qinmrities of ethyl alcnhol. The white crystalline needles (B) 

l^ve reactions for alkaloids and melted at 247-250®C. after previous shrinking 

0^2B7V/ 
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The mother li<juor wan again concentrated and gave a further yield of the 
acetate of the alkaloid which wan filtered, washed and added to the first (B) 
The syrupy r(*.aiduo left behind was then dissolved in pure distilled water and 
on examination was found to contain a large amount of reducing sugars. A 
sample on treatment with phenyl-hydrazine gave an osazone (m.p. 206 °0.), 
which was identified as glucasazone, showing the presence of glucose in the 
plant. 

Examination of the crystalline wass (A ). 

Isolation of Potassium nitrate and potassium chloride, — The crystalline 
mass obtained as described above was dehydrate<l carefully in a vacuum 
dessicator over anhydrous calcium chloride, powdered finely and extracted 
repeatedly with hot boiling benzene. Benzene removed the organic matter 
leaving behind a dirty brownish -white amorphous inorganic material. This 
was dissolved in a small quantity of water, boiled with animal charcoal and 
filtered. On cooling the aqueous solution, a mixture of long needles 
and rhomblie plates was obtained. A further quantity was obtained on con- 
centrating the mother liquor to a very small volume (total yield, 27*5 gms., i.e. 
11% on the weight of dried drug). This was identified to \ye a nlixture of 
potassium nitrate and potassium chloride. An estimation of the chloride 
content of this mixture ga ve 27*16 per cent of potassium chloride and 72*84 
per cent of potassium nitrate. (2*0214 grams of the mixture gave 1*5561 grams 
of AgCl ; 27*16 per cent KCl requires 1*5562 grams of AgCl.) 

Isolation of pentadriacontane, — The benzene extracts were concentrated to a 
very small volume and on being allowed to cool and stand, a large amount 
of crystalline matter l>egan to separate. This was filtered and re crystallized 
several times from benzene and petroleum ether, till finally a white crystalline 
mass was obtained melting at 70~73"C. The final crystallizations were done 
through largo vohjmes of ethyl alcohol several times, till colourless small 
needles were obtained (yield 13 grams) melting at 75-76'^C. and the melting 
point did not rise further on subsequent crystallization. The compound which 
gave reoc^tions for a hydrocarbon was identified t/O be pexda-triacontane. It is 
a colourless, tasteless and odourless crystalline substance, which bums with 
a non-smoky luminous flame, giving a characteristic odour of burnt paraffin. 
It is soluble readily in benzene, less so in petroleum ether, alcohol, methyl 
alcohol and glacial acetic acid and insoluble in water. It distills unchanged 
at 329-331^0. at 15 m.m. pressure. It does not decolourize bromine in chloro- 
form. (Found C, 85*19, 85*02 ; H, 15*01, 14*71 ; M.W. (Ebulliosoopic in benzene) 
479, 504, 489 ; requires, C, 85*36 ; H, 14*64% M.W. 492.) 

Examination of the alkaloidal content {B), 

The crystalline acetate of the alkaloid obtained as described above was^ 
recrystallized twice fmm boiling ethyl alcohol till fine silky needles were obtained 
melting at 2QVC. These were then dissolved In about 200 c.c. of boiling 
distilled water, cooled and treated with dilute solution cf soditto hydroxide^ 
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when the liberated base separated out in the form of gelatinous white pre- 
cipitate. This was allowed to settle and then filtered. On crystallization from 
absolute methyl alcohol, small needles were obtained melting at 200-202^0. 
This was then recrystallized from a mixture of ethyl alcohol and chloroform 
when colourless needles were obtained melting at 206-207'^C. (Yield 4*3 grams). 
It is extremely bitter and gives a beautiful violet colouration with a reddish 
tinge, which becomes blood red on standing with con. sulphuric acid, and a 
light reddish-violet colour with con. H2SO4 containing a little K£Cr207. With 
con. HjSO^ and KCIO3 it gives a deep orange red colour and a very light 
yellow vrith concentrated HNO3. With Prohde’s reagent a very intense violet 
colour turning to olive green is developt^d. With Mendelins* reagent the 
crystals turn violet, and yield a green solution which l)ecomes blue and finally 
violet. With phosphotungstic acid a white preci pittite is formed and with 
phospho-molybdic acid a yellow precipitate. With K I and a docculent 
brown precipitate and with tanni(? acid a flocculent white precipitate is 
obtained. With Mayer’s reagent a flocculent white precipitate is obtained. It 
gives a yellow precipitate with gold chloride and platinic chloride. It is 
optically inactive. It gave no colour with ferric chloride and was insoluble 
in caustic alkalis. (Found C, 67*72, 67-69 ; H, 6*44, 5*62 ; N, 3*5, 4 <H) Cs^oHi^OgN 
requires C, 67*99, H, 5*38 N, 3*97%.) Prom all its reactions and elementary 
analysis it has been identified to be protopine, 

Protopinehydro^chloride. — Protopme{l gram) was dissolved in the minimum 
quantity of absolute alcohol and treated with gaseous hydrochloric a(id. 
On adding ether to the solution the hydrochloride separated out as fine colourless 
crystalline powder, m.p. 274'’C. (Found Cl 9*(X> ; C20H13O5N HCl reepnres Cl 
9*18%.) 

Proiopim oceMe , — Protopine (1 gram) was treated with the reipiisite 
amount of glacial acetic acid in alcohol. On standing the acetate crystallized 
out in fine needles, which were filtered, washed with alcohol and recrystallized 
from the same media when colourless silky nee^lles were obtained, Tn.p. 268*^0. 
(Pound C, 63*72 ; H, 6*70 ; CaoHi AN . CHgCO-OH requires C, 63*92, H, 6*67%,) 

Protopim pictaie , — Protopiue (0*6 gram) was dissolved in wat>er and treatexi 
with an aqueous solution of picric acid whereby a flocculent yellow precipitate 
of the picrate was formed. It was filtered, washed and recrystallized from 
glacial acetic acid when miero-crystallino deep yellow needles were obtained, 
m.p. 249‘’C. (decomp.). 

In conclusion the author wishes to express his sincere thanks to Dr. S. Diitt, 
l).Sc. (London), at whose suggestion this problem was undertaken, and who 
has generously given him at every stage most valuable advice and guidance. 




CHEMICAL EXAMINATION OF CLEOME PENTAPHYLLA LINN. 
PART II. CONSTITUENTS OF THE OIL FROM THE SEEDS, 


By Bam Nath Misba attd Stkhibhushan Dtttt, Chemiml Laboratory, 
Allahabad University. 

(Read March 25, 1937.) 

In a previous (‘ommuni cation on the subject Misra and Dutt,^ in the 
course of their investigations on the chemical constituents of Ckofne. pentaphylla 
Linn, (N. O, Ca.pparideae), isolated from it a substance of the nature of a 
lactone called by thorn cleoniin, and reported that the drug also contains an 
oil to the extent of 22%. A few constants of this oil wore previously deter- 
mined by Hooper {Ann. Rept., Indian Museum, Industrial Section, 1908-09). 
Hoo]3er found that it had Acid Value 6*4 ; Sa]>oniiicatiou Value 194*0 ; and 
Iodine Value 119*5. This api>ears to be all the t work done on the fatty con- 
stituents of this highly medicinal drug. A systematic examination of the oil 
was undertaken by the present authors and forms the subject of this com- 
munication. 

The three constants found by Hoo|)er appear to bo in fairly good agreement 
except for the acid value. These, as determined by the present authors, 
were found to be Acid Value 36*5 ; Saponification Value 194 ; and Iodine 
Value 122*6. As these represent the mean of several determinations conducted 
with all precautions, they are more reliable. 

It was not found practicable to determine the proportion of unsaturated 
acids in a quantitative manner, as even on repeated attempts at bromination 
no crystalline bromo-derivatives could be separated. Qualitatively, however, 
the presence of oleic and linolic acids has been proved and is descril>ed in 
detail in the experimental part . 

Expertmektal. 

E:ctructi(m of the oil , — 2 kg. of the seeds were obtained from the neighbour- 
hood and finely crushed in an iron mortar, having previotisly been dried in 
the shade. The crushed mass was then extracted exhaustively with benzene 
in a large extraction flask. The benzene extracts were collected together and 
the solvent removed by distillation when an oil of a light green colour was 
left (446 gms.), having a faint odour of mustard. The oil was then pudiled 
with animal charcoal and Fuller’s earth. Even on prolonged keeping no 
sediment or crystalline matter was deposited. 


% Proe, Nat. Inst, Sci. India, Vol HI, p. 45, (1937). 
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Examination of ifie^ oil . — The oil contained no nitrogen or sulphur and was 
optically inactive. It burned with a partially sooty and colourless flam© and 
a thin film exposed to the air in the laboratory resinified in a few days, indicating 
that it belongs to the class of semi-drying oils. Table I gives its physical and 
chemical constants. 

Table I. 


Specific Gravity 


. . 0*9268 at 

Kefractive Index 


. . M663 at 

Solidification Point 


. . - 12'^C. 

Acid Value 


. . 36*6. 

Saponification Value 


. . 104. 

Iodine Value . . 


.. 122-6. 

Acetyl Value . . 


. . 33-5. 

Hehner’R Value 


.. 91*5, 

Uneaponifiable Matter 


. . 2*08%. 


150 gms. of the oil were saponified with alcoholic caustic potash and the 
soap extracted with ether to remove the uneaponifiable matter. It was then 
dissolved in excess of wator and decomposed with dilute sulphuric acid in 
presence of petroleum ether. The jKJtroleum ether solution of the fatty acids 
was washed free from traces of sulphuric acid in a separating funnel and left 
in contact with fused calcium chloride to remove the moisture. Jt was then 
filtered and the mixed fatty acids obtained by removal of the solvent by 
distillation. Table II gives the constants of the mixed fatty acids. 


Table II. 


(yonBisteiioy 
Liquifying Point 
Spooific Gravity 
Neutralization Value 
Mean Molecular Weight 
Iodine Value . . 


Somi -solid. 
33--35®C. 

0 8873 at 40‘’C. 
188. 

298. 


126*6. 


The mixed fatty acids (50 gms.) were then separated into saturated 
(solid) and unsaturated (liquid) acids by Twitcheire lead -salt-alcohol method 
(Twitchell, J. Ind. Eng. Chem., 1921, 13, 806). Table III gives the percen- 
tage, mean molecular weight, and the iodine values of the saturated and 
unsaturated adds. 


Table III. 


Acid. 

Per cent in 
mixexi acids. 

Iodine Value. 

Mean M olar 
Weight. 

Hatttmted 


22*4 

1-7 

260'8 

Unaaturated 


77*6 

130-6 

280*3 


Examination of Vnoaturated .4c«te.— The q»«aitittttiye eeparation of bromo- 
derivatives acooird^ to the method of Sibner and Mu(^|ithalor 
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Tech, of Oils, etc., 5th Ed., 1, 573) p<?rfected by JamieHon and Boughmaja 
{J. Ames. Ohem. Soc., 1920, 42, 1197) wm unsuccessful even on repeated 
attempts. No crystalline products could be obtained. The following qualita- 
tive method was therefore adopted. 

Oxidation with ^yotassium pernmngan<it€. — 10 gms. of the nnsaturated 
acids were dissolved in aqueous caustic potash and a 2 % solution of potassium 
|;>ermauganate added in a thin stream with constant stirring, till the pink 
colour became persistent indicating the end of the oxidation process. A 
current of sulphur dioxide was next passed into the mixture to dissolve the 
precipitated manganese dioxide. The products of oxidation were thus left 
in the form of soft white tiocculent flakes that settled down. The precipitate 
was filtered, w^ashed with water, and extracted with ether. The ethereal 
extract on removal of the solvent by evaporation deposited a white crystalline 
solid which on further purification and recrystallization from alcohol melted 
at 131-32'^C. and was identified as dihydroxy-stearic acid. This established 
the presence of oleic acid in the mixture of unsaturated acids. The ether 
insoluble product of oxidation was next extracted with a large volume of 
boiling water re])eatcdly and on cooling deposited white minute crystals 
which on recrystallization from water melted at 164-65^0. These were found 
to be tetra -hydroxy -stearic acid as the melting point with an authentic sample 
remained undiminished at 164-65^0. The formation of this acid on oxidation 
proves conclusively the presence of linolic acid in the mixture. 

The filtrate from the oxidation products was reduced to about l/15th 
its volume by evaporation, made alkaline with dilute caustic soda, and neutra- 
lized with dilute sulphuric acid. It was then extracted with ether. The 
ethereal extract was washed repeatedly with small quantities of water and 
then dried by ketiping it in contact with anhydrous calcium chloride. On 
removal of ether by eva^Kwation a white crystalline deposit vras left behind. 
This was purified by recrystallization from water and ethyl alcohol successively 
and identified as azelaie acid of m.p. 1(K>®C. This acid is always formed as a 
bye -product of such oxidation. The presence of hexahydroxy-stearic acid 
could not be proved ocmelusiveJy which shows that linolinic acid is either 
absent or present only in minute traces. 

The iodine value of the mixed fatty acids was 139*5, Since, liuolinic 
acid can only be present in very minute traces, if at all, it may be regarded 
for all practical purposes that the mixture of the unsaturated acids consists of 
oleio and liuoiic acids alone. The proportion of these acids can be calculated 
with the help of the following two equations : 

X+Y « 100... .(i). 

90*07X+18M4y « 109x139*5 {«). 

^ where X represents perc?entage of oleic acid : 
and Y represents percentage of linolic acid : 

TaWe lY gives the percentages of these acids calculated by this method. 
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Table IV. 


At'idH. 

Por cent ill 

Per cent in 

Per cent in 

u 11 Hat. acidn. 

mixed acidn. 

oil. 

Oleic 


4rr2 

3607 

3202 

Linolio 

. . 

64*8 

4263 

3807 


Bxamin4ition of Saturated Acids , — These were freed from traces of tui- 
saturated acids by pressing over a porous plate and obtained in a white solid 
form melting at 52*58‘^C. The mixture of saturated acids was converted into 
methyl esters by dissolving in absolute methyl alcohol and passing a current 
of dry hydrogen chloride till the solution became saturated. It was then 
refluxed over a water bath for 18 hours. The mixed esters were treaU>d with 
sodium bicarbonate and washed with water and extracted with other. The 
ether extract was washed and dried and the esters recovered by removal of 
ethet by evaporation. 

The methyl esters thus obtained were subjected to fractional distillation 
under highly reduced pressure and the boiling points and the pressure of various 
fractions was noted. Their iodine and saponification values were determined 
and the mean molecular weights calculated. These were found to range 
between 270*3 and 298*4 which are the molecular weights of methyl palmitate 
and stearate respectively, except the residue whose mean molecular weight 
was found to be 3(K)*2. This indicates the presence of a higher acid namely 
araohidic acid. The percentages of the acids were calculated in various 
fractions by means of their iodine and saponification values. 

Table V gives the results of distillation and Table VI those of analysis. 


Table V. 


Fraction. 

B.P, 

Pressure. 

Weight in gms. 

I 

rose to 

15 mm. 

0*71 

II 

po»e m 175"^ 

Do. 

3*27 

in 

nS.76'*C. rose 
quickly to IBS® 

Do. 

3*28 

IV 

T83-90<^e. rose 
k» 200® ««id above: 

Do. 

2*28 

Reiidue 

above 200®C. 

' Do. 

2*36 

n . ' 
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Table VI. 


Fraction. 

Iodine 

value. 

Saponifica- 
tion value. 

j Meat! 
M.AV. 

Acips. 

1 Palmitic 
gm. per cent. 

1. 

Stearic 
gm. per cent. 

Arachidic 
gra, per cent. 

Vnsaturated 
gin. per ceiit. 

T 

1-25 

203-6 

276*7 

0-47 

66-2 

0-19 

26-7 



0-000 

0-89 

11 . . 

1*37 

i 200-6 

279-7 

2-01 ' 

64-8 

106 

33*9 



0-032 

0-98 

Ill . . 

i 1*87 

198-2 

283-1 

1 - 6.5 

60-3 i 

1-33 

40*5 



0 045 

1-34 

IV . . 

3-28 

193-6 

189-9 

0-60 

26-3 ; 

Ml) 

62-2 



0 053 

2-35 

Residue 

' 20>28 

' 186*9 

300-2 



0-95 

40-4 

0-22 

9-7 

-341 

14-54 





4-73 


4-71 


0-22 


0-477 



The percentagea of varioua avida in aaturatod acida and the oil is given 
below, Table VII. 


Table VTI. 


Acids. 

Per cent in 
aatu rated acids. 

Per cent in 
original oil. 

Palmitic 

46-69 

9-57 

Stearic 

46-47 

9-63 

Arachidic 

2-16 

0-44 

Unsaturatod . . 

4-69 

09-46 


Examination of umaponifiahle mailer , — This was extracted from the oil 
by ether extraction after saponification, in the form of a white waxy material. 
It was purified by repeatedly crystallizing from ethyl alcohol an<l finally gave 
a phytosterol of m.p. 131-32‘^C. 


Summary. 

The oil from the seeds of Cltome. pentaphylla Linn, has been analysed and 
found to consist of glycerides of the following : — 


Palmitic Acid 

. . 9-57%. 

Stearic . . 

.. 9-53%. 

Arachidic Acid 

.. 0-44%. 

Oleic Add 

. . 32-02% 

Linolio Acid 

. . 38-97%, 

Unsaponiflable matter, a phy'tosterol 

. . 2-08%. 


One of the authors (R. N. M.) is highly indebted to the ‘ Kanta Prasad 
BesesToh Trust %of the Allahabad University for the grant of a scholarship 
which enabled him to undertake this investigation. 




COLOUR VISION : NORMAL AND ABNORMAL, FOR PHYSICISTS. 


By W. BTJRRii>aE, Physiology Lnhoraiory, lAioknow. 

(Rmd March 2/5, m7.) 

In the past the subject of colour vision was one of the most diilicult with 
which the medical student had to deal. Doubtfully could the subject be 
called a science because the sttident of it found that he could do little more 
than consider a mass of incompatible theories, each of which sooined (Mpially 
as valid as any other, and Hclect from them some one winch pleased him best . 
Workers in this field also had their scoj)e limited. They might find new facts, 
but, having found them, their aim seemed to be to hml the already existing 
theory with which the new facts seemed best compatible. 

It now appears that the difficulties of this subjetd were not provided by 
the facts, but by certain preconceived notions with which the facts were expected 
to conform. Those who dealt with colour vision presumed that t-he natural 
stimulation by light of the nervous elements in the retina was a process exactly 
similar to that of exciting a piece of excised nerve by an electri<s (jurrent. In 
addition, none of them knew how a beating heart, and with this rhythmically 
active structures generally, behave when they are stimulated. The scientist 
who has this knowledge, however, can immediately recognize tliat tlie l>ehaviour 
of the nervous elements of the eye on stimulation is similar to that of a beating 
heart. And such a recognition so completely transfonns the subject of colour 
vision that, instead of elaborating complicated theories about; it, an elementary 
knowledge of physics enables one to predict its chief phenomena. We can use, 
in fact, the known phenomena of sound to teach us something al>out colour. 

From what we know about sound, a rhythmically active living nervous 
structure could be expected to possess the capacity to provide two types of 
sensation, the one provided by the intensity of each individual effort, the 
other by the rate of repetition of those same efforts. That is to say, we should 
expect a rhythmically active nervous structure to provide one sensation 
mediated by amplitudes and corresponding to loudness, and another mediated 
by rates and corresponding to the musical note. The phenomena of vision 
eorresponding to loudness and tone are brightness and colour. Hence we 
oonoeive the po^bility that colour is dependent on the rate of heat of living 
rhythmical structures. 

Acceptance of this possibility makes coloured light an external force 
which Is capable of altering the rates of the rhythmical changes that take place 

ViOL. 3, 
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in the structures of the eye reacting to light. These living rhythmicjal struc- 
tures, however, have a nonnal rate of beat which is deteraiined by their own 
intrinsic forces. It is this normal rate which the external forces may alter. 
Further, only two tyf)es of change are possible, namely, quickening and 
slowing. 

Now, if one of these external forces quickened a normal rate, n, say, to 
it is likely that among the slowers there should be one which slowed 
the rate to (w—x). If things were so, then the combined action of these two 
forces should give no change of rate at all, though they might augment 
amplitude. 

These simple crakadations, exprtissed in terms of colour, imply that every 
colour may have afi opposite such that the two acting together neutralize 
each other’s action on rattis. Many of such pairs of colours could conceivably 
exist, but their admixture should give a common result. 

These deductions are realized. For every colour has an opposite or 
complementary colour such that the admixture of each pair gives the common 
result of grey or white according t-o strength. Hence we find that the neutral 
colour is grey, and that this can become white by amplitude increase. Further 
evidence in support of this is derived from the behaviour of hearts, Drugs 
which can alter both rate and amplitude have been found by me to alter 
amplitu<le only when they are employed in weak concentrations. If this rule 
Ink! true for rhythmicial structure generally, then feeble light should exhibit 
variations of brightness of the neutral colour only. This is also true, for 
dim light gives us variations of grey. 

The next expectation derived from what is known about sounds is that 
every colour should be mediated by a range of rates and not by a- single rate. 
If we take as the standard for C a vibration rate of 256, say, there will be a 
range of vibrations on either side of this which we must still call C, Some 
of these we cannot directly distinguish from our standard, others we shall still 
call ‘ C ’ but declare that they are somewhat flat or sharp as the case may l)e. 
If, next, rates an^ gradually quickened from the standard, we shall even- 
tually reach a pitch which is more than a sharpened C, but is instead a new 
note, C sharp. Similarly on the other side C will gradually flatten to C flat. 

The expectation from such facts is that grey through quickening should 
gradually sharpen into a colour, grey sharp, and by slowing should flatten into 
a colour, grey flat. These two colours should possess the property of mutual 
decolourization to grey without the intermediate production of any other 
colour, because grey flat can only flatten grey sharp to grey and vice versa- 
Two <solours with these predictable properties actually exist. They aie red 
and green. Up to the present, however, their capacity to decolourise one 
another has been fdmply inexplicable. In this case, therefore, we actually 
progress from the inexplicable to the predictable. 

We may now jwogress to diawing the c^olour scide given 
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scale is given to indicate the existence of two other pecjuliar colours 
lying at the extremes of the scale. Their existence is predictable from the 
fact that our capacity to perceive movement is limited. The limitations are 
definite; things may move too fast or too slow. Thort^ should tlierefore be at 
one end of the scale a colour mediated by the slowest rate perceptible to us, 
and at the other end a different colour mediated by the fastest perceptible 
rate. These two colours are of opposite nature and in combination with red 
and green should provide all other colours. 

The next task, then, is to search among colour vision theories for oxw which 
divides the colours into two pairs of opposites with red -green as one pair. 
The theory we require is that enunciated by Hering, and from it we find that 
the other pair is blue-yellow. 

These colours require now to bo placod in position. Help towards this 
is provided by the artists who divide colours into the warm and <x>ld. Their 
actual division has been strongly criticized, both by physiologists as well as 
physicists, on the basis of spectrum findings with the thcnnopile. Such 
criticism has actually been unscientific. If artists do not feel what someone 
argues from the spectrum that they ought to feel, it is not to be deduced from 
this that they feel wrongly. One can only deduce from the differences tliat 
further investigation is required. An entirely new light is thrown on these 
matters when one appreciates that the artists have obtained their sensations 
of warmth and cold from rhythmical structures. In such structures warmth 
quiokens, and cold slows. Consequently we place red and yellow among the 
quickeners, and blue and green among the slowers. This gives the colour 
aoale below (see fig. 2). 


Gold Warm 

Slowar* Quickeners 
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I t in to be obsen^ed that tlie * slow ’ division of the scale is made longer 
than the ‘ quick That is done because a mixture of blue and yellow yields 
green, i.e. blue slows more than yellow quickens. 

On looking at the scale we appreciate the possibility that colours may also- 
possess a property corresponding with what musicians term ‘ pitch Hence 
we look for another inherent projierty of colours, and find what we want in 
their intrinsic brightness. 

The colour scale above represents the normal state of affairs. From thia 
normal or average only two variations are possible, it may either be harder 
or easier for rate changes to be effected. The limit of hardness would imply 
an inability of those external forces, which normals call colour, to quicken or 
slow rates beyond the range which gives grey. The possessor of such insensitive 
end-organs would therefore see variations of grey where others see colours,, 
and he would be termed completely colour-blind. 

A milder degree of hardness would not permit the weaker external forces^ 
those which normals call red and green, to quicken or slow enough to give a 
colour distinct from grey. The possessors of such end-organs would there- 
fore exhibit varying degrees of red-green colour-blindness. Some, for example, 
would confuse all reds with grey, others would be able to distinguish * sharp ’ 
reds from grey, but not the ‘ flat * reds, and so on. The converse would bold 
for green. These predictions are in general fulfilled. 

A quite different tyj)e of colour-blindness would arise from the possession 
of unduly labile end-organs. In such, the rates woiifld be quickened and slowed 
so much by yellow and blue, respectively, that thi^ rates actually produced by 
t hese forces would be either too fast or else too slow for the existence of motion 
to be perceptible. The individuals possessing such labile end-organs would 
(consequently bo ‘ blind ’ to yellow and blue. The normality of the end- 
organs at the periphery of the retina is the possession of this degree of lability. 

The main facts of colour vision and colour blindness are thus predictable^ 
from the standpoint that the end -organs which give rise to visual sensation 
have an inherent rhythmical activity. Conversely, of course, the facta lead 
to a theory that the end-oigans possess this inherent rhythm. In the post, 
however, every scientist who thought on these matters started out with a pre- 
supposition that the end-organs of the retina had an essentially different 
character from that which they actually possess. This presupposition placed 
the science of colour vision in a position analogous to that of astronomy in 
the days when it was presupposed that the earth was stationary and flat. 

If we could imagine a group of intelligent scientists speculating on the 
phenomena of sunrise from the bases of a stationary and flat earth, is to be 
appreciated that seemingly satisfactory explanations would be forthcoming. 
We could even expect the three schools of those who are suggested that the Sun 
was pushed from behind, of those who suggested that it was pulled from the 
front, and of those who suggested that it had an inherent poyror of movement.. 
It would further be impossible to make deflnite choice between different 
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schools. Each one’s theory would be m valid as that of any other, a point to 
which wo would draw H)>ecial attention. 

When any false theory is accepted as a fact, it becomes possible, by 
correlating it with other facts, to build up a miml)er of other false theories 
each of seemingly equal validity wdth its fellows. Such lias been the character 
of the divers theories hitherto elaborated around the phenomena of colour 
vision. Their seeming equal validity is in itself the evidence that they each 
treat as fact some fundamentii) false theory. Tlje fundamental theory which 
we have found to be false is the one that presupposes that the stimulating action 
of light on the retinal end -organs is t/h€> same as the action of electric currents 
on a piece of excised nerve. 

But even if we still l^dieve in this tVmdameatal proposition, the advance 
of the science of muscle and nerve show's that traditional colour vision theories 
are faulty. Tt was good physiology, for example, in the days of Helmholtz 
to believe that an individtml nerve or muscle fibre gave graded responses when 
it was excited by graded strengths of electric current. Now we know instead 
that such responses have an all or nothing character. Each individual element 
gives either its full response or none at all. Such responses, it should he noted, 
are similar to those of a gun caHridge. 

The sensitive layer of the retina consists of individual nervous elements. 
Consequently, if their condition and stimulation were as hitherto presupposed, 
their responses to stimulation should possess an all or nothing character similar 
to that of a gun cartridge. This would make all vision consist of areas of 
dazzling brightness intersys^rsed by areas of complete blackness. Our vision 
obviously is not so, but it only ‘ ought • to be so if the presuppositions were 
true. 

If anyone, then, makes this assumption of partial stimulation, he must 
either reconsider his fundamental proposition or provide still another adjustive 
hypothesis. In contrast with this, response graded according to the strength 
of stimulation is a typical character of the responBes of rhythmical structures. 
The grading of response that actually occurs is, in fact, another line of evidence 
that rhythmical structures are being stimulated. 

The filial point to he noted about colour vision is that the past scieiu'c 
was founded on what the psychologists call an error of projection. Everyone 
believed at one time that grass is green. We now know instead that the 
green is in us. But when it came to putting the green inside ns, the existence 
of a special green sensitive structure was imaginetl to exist in the retina. This 
supposition now appears to have been as much an error of projection as was 
the supposition of the presence of the green in the grass. Colour appears 
instead to be ow interpretation of rhythmical activity arising from a particukr 
source just as the musical note is our interpretation of the same type of activity 
arising from a different source. The interpretive instrument is common tf> 
both and provides that fundamental relation between music and colour which 
is reahzed in the Moonl^^ 
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(Oommuaicatod by Prof. M. N. Saha, F.R.N.) 

(Read March 26, 1937.) 

I, Introduction. 

The neoewaifcy of a iJiorough «t«dy of ionized n^gions of the ijpjKM* 
atinoHpherc for a eompiete understanding of the prol)lem of propagation of 
radio waves is now well recognized all over the workl. 1nij>ortant investiga- 
tions have been carried out in higher latitudes, and a (naisiderablt' amount of 
dat^ has Ixjen (collected. The e<«idition of the ionosphere is cxjiectcd to he 
rather different in equatorial and tropical regions, and hence for the thorough 
understanding of the problem it is essential to collect data for these regions 
too. Idealizing this, work has been started in India at Calcutta and at 
Allahabad. A considerable amount of data has now Iwen collected at 
Allaliabad, which is briefly preseiiteil hero. 


2. THKORimCAL. 

Tlie problem has been theoretically studied by Appleton,' Goidsteiu ® 
and Hartree,® and more recently Booker * has given an interesting ex|)osition 
of the subject. But sf^rting from the original dispersion (U| nation given by 
Appleton it will be shown here, as has Iwen already pointed out by one of us ® 
(ft. R, Toshniwal) that the expressions for the absorption of radio waves are 
opposed to those obtained by Booker. Derivation of the various fomiuJai 
needed for the explanation of the experimental observations is then' fore given 
here. 

The dispersion equation for vortical propagation of radio waves is 
given by 


1 Appleton, Jour, IruiL She. ISng., Vol, 71, p. 642. 

^ Gp)cUl>aih, proc. JHoy. Boc.* Ser. A, Vol. 121, p, 360, (1926). 

« Bartjfoer i*#vc. Phil. jStwj,, Vol. 27, p. 143, (1931). 

* Booker, Proc. Moyai Sot.t Ser. A, Vol. 160, p. 367, (1986). 

4 Xoeiudwal, ' Abeorptioa in the Ionosphere ', Science and CuUttre, VoL 2, p, 377« 
WB. Ill-m fPwbHd*«a June 22od, im. 
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p = angular frequency of the radio wave, 

///., Uj arc the longitudinal and tranaverae t^oin]){)iuujts of the cart Ira 
nuiguctic field, N in the numl)er of electrons per c.c. and v is the collisional 
friction frequency i>er cleci-ron per second. 

‘ a Ms the Lorentz polarization term. 

For short waves the ncu^ossary condition for rellectiou is 

eg = 0 (2) 

Thus as long as v<^>, we can easily prove from (2) and (1) that 

l+a«0 (3) 

l + a«±y (4) 

whore y *= V • • • • • • • • • • * • • • W 

Equation (3) is obtained by using the positive sign before the radical in 
equation (1) and represents the condition for reflection of the ordinary wave, 
while equation (4) gives the condition for reflection of the extraordinary ray. 
Equation (3) and (4) can be written in the form 

No - - 1-24X 10-Vc* (3«) 

where Nq represents the number of electrons per c.c. just sufficient for the 
reflection of tlie ordinary ray and Ng the number for the extraordinary ray, 

a* ^ , and /„ is the critical penetration frequency. In evaluating the 

numerical value in (3a) and {4a) the Lorentz polarization term has been taken 
to be zero, 

3. BsrrLBCTXON and Absobftion. 


The dispersion theory shows that the effect of absorption can be expressed 
in terms of an absorption coefficient k, such that the ratio of the intensity 
of the emergent wave to that of the incident wave is given by 

^ -«p. .. . .. (6) 
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where p i» the reflection coefficient and h is the thickness of the absorbing 
layer. 

From (1) we get 

>’> 

<*> 

The values of A" and Y can be easily calculated from (1), if we make the 
following assumptions — 

V ^ 

Case I: — m- ' -n Va — i 

4(l + a+t^)V,/ 

Case 11:— ( 1 4 .a+tjS )2 ..^1 

For case (1) it can bo easily provofl that 

i»i 

where positive sign is to be used for the ordinary ray and the negative sign for 
the extraordinary ray. 

For case II, we get, 

y Z ^ } for the ordinary ray (10) 


X ea a- 


(l+a)»+^ 


■(l+a)»+/9* 


for the extraordinary ray 


The absorption in the ionospheres may be divided into two parts: (1) 
absorption in a deviating region where g approaclues zero, and (2) absorption 
in a non-deviating region where p is nearly equal to unity. 

4. Absobptxok in thk obviating bbgion. 

Assuming that 1^ f j , we can prove from (7) and (8) that 



Since the ray has to travel twice through the absorbing region the integrated 
absorption coefficient is given by 

M-o 


J 1 •' , 




( 18 ) 
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where 


emdP 


P' i» called the group path and P is called the optical path. Usually P' ^ P, 
then in place of (18) we get approximately 

2 |p' (14) 

J 1 

Now the ordinary ray is reflected from the region where 1+a «=: () and 
the extraordinary ray usually from tho region where 1+a « — y. Hence the 
quasi-traris verse conditions — Case II — hold good for the region from which 
the ordinary ray is I'eflected, and the quasi-longitudina) conditions — Clase I — 
are approximately valid for the region from which the extraordinary ray is 
rt^flectol, cjveu at places such as Allahabad, where tho angle Ixjtween the 
vertical and the earth’s magnetic field, is nearly 45'’. 

Tims for evaluation of the value of X and Y wo have to use equation (10) 
for the ordinary ray and equation (9) for the extraordinary ray. Hence tho 
integrated absorption coefficient is given by 

p B V 

2 0^) 


for t.}K^ ordinary ray, and 


kdh^ 


2»:a-|y^J 2c y+(p J 


for the extraordinary ray, where 


and is iudep<mdent of the sign of e and //. 
From (15), (16) and (6) w© find that 

In pd p+\pj^ 


where and are the reflection coefficients for the extraordinary ray and 
ti>e ordinary my respectively, and PJ and P^ represents the grotip path for 
the extraordinary ray and the ordinaiy ray inspeotiveiy. 

Thus iMjr unit group path (17) shows that as far as the al>Borption in the 
deviating region is eon cerned the extraordinary ray will bo less absorbed than 
the ordinary ray. 

- In place of (17 ) Booker gets the following for utdt group path 


Po P-\Pt\ 
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which shows that the extraordinary ray will be absorbed more than the 
ordinary ray in the deviating region. 


5, Absoei>tiok in thk non-orvtattno imnoN. 

In this region, the collisional friclion frequency v is expe(-ted to bo huge, 
and hence for all values of 6 lying between 0^' and 45"", llio quasilongitudhxal 
oonditious will hold good. Hence when fi ig unity from (8) and (9) we find 
that 

1.-'^ p 

2c‘ji:»+y* 

— L. - ^ (18) 

2c (a±)yj)*+^* 

whence the ratio of the absorption coefficient for tlic extraordinary and the 
ordinary ray at the same height is given by 

(■, _ n.r) 

\ me / 

- 1 Pd ]*+»'* 

ip+ In I ]*+•'* 

In place of the above formula Booker obtains 

fe.aiL'-.f’+i; om 

It follows immediately from (18) that iu the non-deviating region ilio 
oxtmordinary ray will experience greatest absorption at a ludght corre8|H)nding 

to p «= V^\Pf\ i-e. /9 « j a- I I , while the ordinary will he most 

abHorbed where v » p- | P;; ] i.e. ^ = | «+ | V;: 1 | . Thu« we flt« that the 

absorption for the extraordinary ray will begin at rnneh lower heights, and 
hence the range of integration for calculating the total absorption wi 1 l>e 
more in the case of the extraordinary than in the case of the ordinary ray. 


6. EXPBEIMBKTAt, KeSTOTS. 

Study of the ionosphere was started at Albhabad* (Long. 81 65 0 , 
Lat. 26® 26' 66') early in 1934. The tranmitter has been designed on the 
lihes suggested By Appleton and Builder.* The receiving set consists of a two 


> Toshidwid Mid Pant. jyo*Mre,Vol. 183. p. 947. 
s Appleton and Builder, Proe. Ph^n. See., Vol. 44, p. 7«. (l»3A). 
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valve 8.0. transformer — coupled high frequency amplifier, an anode bend 
rectifier, and one stage D.C. low frequency amplifier. Since the time con- 
stant of the receiving circuit was kept extremely low, it was possible to keep 
the transmitter and the receiver side by side. The reflected pattern was seen 
on a cathode-ray oscillograph using a linear time base. Two oscillographs 
were usually employed, one of them was used for photographic purposes, while 
the other was employed for visual observations. The transmitting aerial 
cooBisted of a five wire system.^ The length of the wires was |A for 46, 65, 
76, 90 and 110 metres. A combination of earth screen and a buried earth 
plate has been used for earthing purposes. This arrangement was quite 
satisfactory for the present investigations. 

Equivalent height measurements . — ^The virtual height of the reflecting 
region was measured usually at a constant frequency. It has been found that 
during the day, the average height of the F and the E regions is 250 and 1 10 kms. 
respectively. Occasionally reflections have been observed from the inter- 
mediate regions with equivalent heights of about 140 kms. {E') and 180 kms. 
(F, ?). 

The magnetoionic split doublet echoes have always been seen in the early 
mornings a few minutes before ground sunrise and at night a few hours after 
sunset. The time of appearance of the doublet echoes in the morning was 
very nearly fixed, but the split echoes in the night would appear at any time 
about two hours after sunset. At times triplet echoes apparently l)elonging 
to the same system* and corresponding to the two equations (3) and (4) have 
been observed. 


7. Complex Echoes. 

In a&dition to the usual reflections a jumble of pt^aks consisting of several 
closely spaced echoes facing in and out were visible on rare occasions in place 
of any one of the multiple reflections. Such complex echoes have been observed 
and discussed by Appleton and BuOder * Ratclifife and White < and others. 
But so far we have not come across any detailed study. Therefore, it is thought 
necessary to describe in detail the complex echoes observed by us. Automatic 
recording and visual observations were made simultaneously and the following 
description is based on both : — 

Two interesting records of complex echoes are reproduced in figs/l 
and 2 and two photographs of echoes are reproduced in figs. 3 and 4. 

Fig. 1 shows a record of equivalent height at 4 Jlfc/sec. between 1700 
and 2200 on 14th March, 1936, There were four multiple echoes from 1830 
to 2000, three from 2000 to 2100 and five between 2100 and 2130. The 


1 OiUiland, Prwi. Inet, Bad. Vol. 22, p. 286, (1984). 

8 Toshniwal, Vol. 136, p. 487, (1935). 

» Appleton «nd Builder, Proe. Phgs. fioe., Vol. 46, p, 208, (1933), ^ 
* Hatoliffe and White, PhU. Afaj?., Vol. 16, p. 126, (1983). 
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virtual height of all the multiple echooB went on increasing and was maximum 
at about 1945 after which the second echo as seen visually suddenly Iwcame 
a little broad and there appeared in it two to three ^>eaks almost superimposed. 
After two or three minutes the firsii echo too followed the same process and 
then tlie whole of the space between the first echo and the second multiplet 
was filled with echoes rapidl}^ fading in and out. Sometimes echoes which 
were just visible above the time base line could be seen visually even in the 

INDIAN STANDARD TIME 
1700 1800 1900 2000 2100 2200 


kma, 

1200 

800 

400 

Ground pulse 



14th March 1936 
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space between the 2nd and the 3rd rcfiectionB. At 2007 strong reflections 
from JS region were also seen wliich lasted for two minutes only and hetioe 
no trace in the record could be found. There was maximum complexity 
near about 2000 after which the intensity of the peaks gradually liecaine 
smaller and smaller and a few minutes after 2100 simple echoes were left. 
It ie remarkable that only the first echo was complex , the rest wore all simple. 
After 2100 the virtual heiglft again l)6gan to increase and a few minutes before 
2200 the complexity again suddenly started. Fig. 3 is a photograph of the 
complex-echo taken at 2215 on March 14, 1936. At tliis time the first echo 
alone was complex. 

In order to study the phenomenon in detail another record was taken 
in wliich the pliotographic paper was moved more mpidly. Fig. 2 shows the 
record of complex echo obtained between 2230 and 0030, The beginning of 
the ground pulse is not st^n. The first black horizontyil line at the beginning 
of the record shows the first J-echo which is complex. At, 2312 the time base 
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l>ocame unstable and the pattern was elongated a little. Stable conditions 
were, however, reached at 2317. There were several peaks in between the 
first echo and 2nd multiple echo. From the very beginning two complex 
separate eclioes are seen in the first onlcr reflection. The complexity however 
slowly decreased after abou 2320. 

Later one of tlie two stiid echoes is seen slowly heading towards the 2nd 
multiple echo. This shows that even when other jwaks had subsided, one of 
them was strong, and the equivalent height went on increasing. In addition 
to the first F echo, four more multiple echoes were present between 2320 and 
2340. The presence of anotlier liorizontal line above tlie fifth multiple echo 
shoWB a reflection from 1720 hm, and evidently this is not a multiple echo. 
Near 2330 a seventh horizontal line shows another echo refiected from 2016 km. 
The difference in kms. between the Oth an<l tlie 7tii echo is (exactly tHpial to 
the equivalent height of the F-eclio 

Normal conditions wore re tored after 0015 l.S.T. No ref^ord was tak<ui 
afterwards but visual observations were continued. Strong echoes from 
jK-i’egion were seen from 0020. At this time composite ocJio from /i^-region 
also was observed. Fig. 4 shows five photographs talam i\i. an iulr*rval of 
i>ne minute each, the iirst reflection from E is seen to be complex, and 
the space between the first and second order F-n^Hections is full of various 
echoes. 

Fig, 5 shows another example of a. complex eclio observed near midnight 
of 2iid April. The first black horizontal line shows the grouttd pulse. Tlie 
other black lines represent echoes from F layer (281 kms.). The first echo and 
the second echo were both fairly strong at 2300, after which the first echo 
became gradually weak and the second multi jile became gradually comjilex, 
as will be seen from the thickness of the line. Near about 2320, first multi|*le 
echo also became complex and both of them remained complex up to 2355, 
after which the first alone renmined cimiplex up to 0020 and tlion it bifurca OhI 



frtto eohoen seen till the end of the record. Between 2330 and 2345, in 
ifc^ion to three other simple multiple echoes wore present. 
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The third multiple echo ia present up to the end of the record. The com- 
plexity of the second multiple echo disappeared near about 2355, after which 
it became feeble for about ten minutes. Visual observations taken simul- 
taneously showed that it was not the case of mere broadening of echoes and 
that tlie first two echoes actually consisted of several peaks rapidly fading 
in and out. One thing, however, is to be noted that in the beginning of the 
record the distance between the ground echo and first reflection is less than that 
between the 1st and 2nd reflections, while in the end the reverse is the case. 
Observations had to be discontinued after 0100 I.S.T. - 

Fig, 6 shows another interesting record taken on 27th February, 1935. 
On this day also the conditions in the ionosphere were much disturbed and 
complex echoes wore seen for a considerable time before the record was taken. 
In the record also some remnants of complexity are visible. Throughout 
the recjord two orders of reflections from F region at an equivalent height 
of 375 km. are seen. Another reflection from a virtual height of 172 km. 



FiO. 4. 

was received almost continuously. Besides feeble echoes at other times in 
lietween the lat and 2nd F^^choes, a strong reflection from an equivalent 
height of 467 km. was observed from about 0116 to 0120. It is^ to be noted 
that it is neither an M echo nor an E+F echo and seems to be due to partial 
reflection and refraction from an ionized region at such a height, ' 

In addition to the dates given above, complex echoes have been seen 
on the 3rd, 4th, 10th and 12th December, 1936 and on the 26th February, 
1936, On the 4th December, 1936 and 14th March, 1936, even the E echo 
was found to be complex. 

On rare occasions innumerable echoes have been observed. It is very 
difficult to assign any particular regi<m whieh gives rise to these echoes. 
Fig. 7 shows the conditions on December 4, when the ionf>flphew> seems to 
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most disturbed. Several multiple reflections together with complex echoes 
were seen coming from both the E and the J’-regions. The shadwi portion 
of the graph shows the presence of various peaks, where equivalent height 
measurements were uncert-ain. 

Time of disappearance of echoes during the nigiit^ : The 75 metre waves 
ceased to be reflected from the ionosphere comparatively miUih later during 
December, 1035 and January, 1936, than during the same* period in 1034-35.^ 

8. OroTTP retardation SPLtTTiNO. 

The two maguotoionic componenf s can be separated due to two causes, 
viz, : (1) stratification splitting, and (2) group retardation splittiiig. This 
point has l>een fully discuRse<l by Appleton and Builder ® and it is now well 
established that in the former type of splitting the ordinary ray is the longer 
delay component and in the latter type the extraordinary is the longer delay 
(iomponent. This type of splitting Jm.s been observed by various workers*’* 
and it is expected that the splitting will be most pronounced when the trans* 
mitttxl frequency is very near the critical penetraitoii frequency of the layer 
lower than the one from which the echoes are being observed. 

We have found that even when the transmitted freqiieircy is quite far 
from the critical penetration frequency of tlie lower layer, the group retardation 
splitting of the echoes is quite considerable. Fig. S shows the variation of the 
equivalent height with wavelength for the two components observed on the 
r3th April, 1936, between 1826 and 1832 l.S.T. The observations were 
repeated soon after and no change was found in the cuiwo. It is seen that 
as the wavelength increases the separation between tia^ two components 
becomes more and more, and at the same time tlic longer delay extraordinary 
component bt^comea comparatively feebler and feebler. Above 1 22 metros the 
extraordinary ray was invisible, while the ordinary was fairly strong. Siiu^e 
the transmitter could not be tuned above 150 metres no reflection from the 
appeared. On other occasions, however, we have observed that 
after the disappearance of the extraordinary ray, on further increasing the 
wavelength, J^-eohoes would appear. This typo of splitting has been usually 
seen in the afternoon, when the critical penetration frequency t)f the A'Jayer 
has fallen down to about 2*5 Mc./Sec. 

0. TONIKATrON OF the ^-layer. 

The noon critical frequency of the AJJayer on December 23 and December 
24, 1935 was found to be 4-5 Mc./Soc. and 4*0 Mo./Sec. respectively. 

1 Bajpui, Proe, Nat. Acad.. India, Vol. 0* p, 40. 

fi Appleton and Builder, he. cU. 

» Batcllife and Wliite, hCi Cit. 
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10. Absorption. 

Measurement of reflection coefficient for both the ordinary and the extra- 
ordinary rays have been mtvde at a constant frequency of 4 Mc./Sec. and have 
l)cen described in detail elsewhere.' A brief summary is, however, given here. 

It has been found that at times the reflection coefficient is as much as 2. 
Similar results have also been found by White.* At night when the splitting 
was just visible, so that the group path F was nearly the same for the two 
rays, the extraordinary ray has been always found to lie stronger than the 
ordinary ray. During the day when the group retardation splitting was visible 
it was found that the extraonlinary component was always weaker than 
the ordinary component. 

Tile reflection coefficient curves for the ordinary and tiie extraordinary 
ray when the splitting was due to group retardation have been found to be 
similar, i.e. the two rays have been found to increase or decrease simultaneously. 
In the early part of the night when stratification splitting has taken place, 
the intensity of the echoes did not increase or decrease in step, i.e. if the 
intensity of the extraordinary ray decreased the intensity of the ordinary ray 
could increase. Late in the night, however, when ionization in the lower 
regions ha<l become very small, the intensity of the two rays was found to 
increase or decrease simultaneously. 


11. Collision AL friction FnBQitKNCv. 


From equat ion (15) we find that 


In Pa 



therefore theory demands that if we plot in against the equivalent height 



a straight lino should result from which v can be found out. 


This has 


l>eeu found to be approximately true for the F-region in the night, especially 
when the reflected echoes were oomparatively calm, i.e, great intensity fluctua- 
tions were not taking place. Fig, 9 shows the variation of logi^ with equi- 
valent height, whence v comes out to be 1-2 XlO* per electron per sec, The 
average value of v also comes out to be the same, * 


12. Discussion of this Expbrimbntax* Eusitlts. 

Complex Our experimental results show that we can explain the 

presence of complex echoes on the hypothesis of stepped structure of the 


* Xoshniwal/ Pant, Bajpai and fVod. JVol, Indies Vol, ft# p» 10L 

{1S36). 

» White, Vol. 46, 

a Toahntwal, Pant and Bajpai, ATcrfiMv, Vol, 13S» p* 87, |l$36). 
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ionospliere. It seems that we have to assume several closely situat/ed strata 
of ionized regions, where the ionization gradient is not smooth. The radio 
wave is jwirtially reEocted and partially refracted from each of those strata 
giving rise to several echoes lying close together. The quick changes in the 
intensity of tlio peaks seem to be duo to sudden changes in the inimlKjr of 
ckictrons. Schafer and Goodall ^ have noticed stepjike structure of the F- 
regiou ' indicating remarkable abrupt ionic density gradients at heights near 
200, 240, 280 kms.\ This type of structure according to Schafer and Goodall 
Jiad been noticed only during the day light hours. At Allahabad one® of us 
(11, R. Bajpfii) lias noticed afer sunset in Doceml>er, 1034 fine structure of the 
ii? -layer having three iouizc<l regions at 05, 105 and 120 kins. A similar fine 
stnu^ture of the i!/ -layer has also been noticed by Messrs. Ratelift’e and 
White * and also by Watson Watt.* 

The hyjiothesis of stopped structure put forward here for the explanation 
t>f the complex echoes finds support from fig. 2 and fig. 5. Fig. 2 shows that 
when the tjomplexity near the first order reflection was slowly decreasing, the 
virt ual height of one of the echoes — a member of the complex echoes — sJowly 
went on Increasing after 2320, till it became very feeble near about 0<K)5 and 
finally disapptjared near about 0015. A similar type of separation of one of 
the members of the complex echoes is also visible in fig. 5 between 0010 and 
(X>30. This separation was visually observed to increase up to 0045, after 
which it became feeble. It seems that in both these oases, the number of 
electrons in the region above the F-region was slowly decreasing and hence 
the equivalent height of the echo was slowly increasing, till too few electrons 
were left for reflecting the waves. In addition to these, we find that on 2nd 
April (fig. 5) not only the first but the second echo as well was complex, which 
also supports our view of production of the complex echoes. 

The presence of ionized layers above the F-rogion finds support further 
from fig, 6, since here wo find echoes showing an equivalent height of 467 kms. 
for a short period from 0116 to 0120. 

At times, however, it has been noticed during the night that each of the 
two magnetoionic echoes consists of more than one component. To explain 
this and also the value of p greater than unity, it seems that we have to 
assume an undulatory structure ® of the reflecting region. The presence of such 
a structure will give rise to random scattering of the radio wave, and will thus 
contribute to the complexity of the echoes. Unless more data about complex 
echoes is collected and correlated with meteorological data, it seems impossible 
to name the agency responsible for creating circumstances favourable for 
production of the complex echoeB. 

1 Schafer and Goodall, Nature, Vol. 131, p. 804, (1033). 

^ 8 Bajpai, fee. eit. 

» KatcliUe and Wldte, Prac, Pkye. Soc,, Vol. 46, p. 167, (1934). 

4 Wateon Watt. JProc. Hoy. Soo., Set. A, Vol. Ux, p. 718, (1933). 

# Toahniwal, Proe. Nat. Inst, Sd. India, Vol, 1, p. 243, (1935). » 
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— We «ee from (X|nation8 (17) and (19) that theoretically per 
unit group path the ordinary ray will be more abaorbed than the extraordinary 
ray. The integrated absorption coefficient — ^which can be calculated firom the 
measurements of the relleetion (roeffleients — of the rays varies directly as the 
group path of the rays. 

Theoretically we conclude that the absorption for the extraordinary, in 
tlie lower regions where the reft’active index is nearly unity, is maximum near 
the heights where i/ = p + 1 j, while for the ordinary ray it is maximum where 
p :=s p — j. Thus for ovor-all absorjition, the range of integration for the 
extraordinary ray will be larger. 

In the night we expect that the ionization in the lower regions will be very 
little and hence most of the absorption will take place in the deflecting region ■ 
Thus we should expect the extraordinaiy ray to be stronger t han the ordinary 
ray when P ' — the group path — is the same for the two rays. This we have 
found experimentally . 

Day time-abff(yrptio7i , — The polarization experiments of Ratelilfe an<l 
White ^ show that the extraordinary ray is always weaker than the ordinary 
ray. Eckersley® finds that for shorter wavelengths the extraordinary is 
st ronger than the ordinary ray, while the ordinary is stronger than the extra- 
ordinary for the longer wavelengths. 

These two diametrically op|) 08 ite views find an easy explanation in the 
light of our experimental results and theoretical treatment given liere. 

Fig. 8 shows that even for frequencies far removed from tlie eriticm-l 
fjcnetration frequency of the lower region, the group retardation splitting is 
not iusignifimnt. 

Tlius it 80 i)nis that the unsplit echo during the day time is due to the balaiie- 
iug eflects of the stratification splitting and the group retai*dation spUtting. It 
has l>eeii already mentioned tiiat the group velocity of the extraordinary ray 
in an ionized region is smaller than the group velocity of the ordinary ray, 
but the group velocity of the ordinary ray also becomes very small when the 
critical penetration frequenc^y for the upper region is reached, and hence for 
such higher frequencies the group path of the ordinary ray may exceed the 
group ptith of the extraordinary ray and thus the ovor-all absorption of the 
ordinary ray for the higher frequenoies may be greater due to this increased 
group path. At lower frequencies, however, oven when the rays are unsplit, 
the int^igrated absorption ooeffioient for the extraordinary ray will be great 
for t wo reasons, viz. : (a) due to greater range of integration as absorption 
l>egin8 at lower heights, and (6) considerable group retardation suSered by the 
extraordinary ray in the lower r^ons. 

- . -- ■ I 1. ■■■ -- ■■■■ — — — — ._t:_ ’ — ^ — 1_. . ■ : - - ' 

1 Batciure and White, ipe. oit. ^ ■ 

* jfileketsley, Proo, Boy. Soo^ Ser, A# Vok 141, p. 710, (1033). , ’ 
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Contrary to the views held by Farmer and Eatoliffe,^ it seems to us that 
the greater absorption of the extraordinary ray during the day is not due to 
greater absorption in the reflecting r^ion.* 

Our hearty thanks are due to Prof. M. N, Saha, F.R.S., for his keen interest 
and constant guidance. 

Two of us (Pant and Bajpai) are very grateful to Prof, Saha for the grant 
of a scholarship out of the Research grant given to him by the Government of 
the United Provinces. 


Summary. 

Starting from Appleton’s original dispersion equation in Lorentz’s notation, 
it is shown that results for absorption of radio waves are opposed to those 
obtained by Booker. 

Complex echoes have been studied in detail and their occurrence has been 
explained on the hypothesis of ionized strata lying close to the main reflecting 
region. 

The value of the oolh'sional frequency has been found to be l'2x 10* per 
electron per second. 

The two diametrically opposite views of Ratcliffe and White and Eckersley 
about absorption of Radio waves have been explained in the light of the present 
work. 


1 Parmer and RatclifTe, Proc, Roy. Soo.y Ser, A, Vol. 151, p, 370, (1935). 
* Toahniwal, Science and Vulturet lac. cit. 



THE INFILTRATION OF GOLGI BODIES AND MITOCHONDRIA 

FROM THE FOLLICULAR EPITHELIUM TO THE EGG. 

By D. R. Bhattachakya and Muhu Dhae Lal Shivastava, The 
Zoology Department, University of Alkihabad, 

{Effzd. March 25, 1937,) 

That the nutritive substances required for the growth of the oocyte have 
to be derived from the surrounding envelopes and tmnsmitted thn)ugh the 
egg-membranes is an obvious fact, and has been recognized as such for a Jong 
time. 

It is only of late, however, that the transmission of some of the inclusions 
of the follicular colls to the oocyte lias })een recognized. Bramlxdl (1025) 
described the infiltration of the Golgi bodies of the follicular cells to the egg 
periphery in the fowl ; the apparatus, according to him, divides into two, 
one-half of which passes into the oocyte. Simultaneously, Bhattacharya 
(1926) described the passage of the Golgi bodies in some reptiles from the 
follicular cells to the fibrillar layer of the egg through channel-like passages 
in the zona radiata. 

Since then the phenomenon has been found to occur in numerous animals 
whose oogenesis has been worked out in this laboratory. Bhattacharya, 
Das, and Dutta (1929) described it in the oocytes of several animals, e.g 
Testudo graeca, Calotes versicolor, Colum^m intermedia, Rana tigrina^ etc. Not 
only are the Golgi elements transmitted from the follicular cells to the oocyte 
in those animals but the inclusions of the theca cells, likewise, jmss into the 
follicle colls, to be transmitted later to the oocyte. In some animals, such as 
Testudo and Kachuga, the inclusions pass through canalicular j>assages of tlie 
zona radiata. In others, e.g. Ccdotes and Uromaetix the large lumps of Golgi 
bodies pass in a haphazard manner through the zona pellucida to the egg. 

P. R. Bhattacharya (1929) who investigated the oogenesis of fishes was 
able to observe a clear case of infiltration of the follicular Golgi bodies. 

D. Narain observed signs of the infiltration of the follicular Golgi bodies 
in fishes (1930). Narain reported its occurrence also in Amphibia (1930), 

In reptiles, the infiltration of the Golgi bodies has betm described by 
D. Bhattacharya and K. B. Lal (1929), by P. R. Bhattacharya (1929), 
and l>atta and Asana (292S). 

Das (1931 ) described the infiltration of the Golgi bodies from the follicular 
cells in three succeseive instalments in the pigeon. He also observed the 
iidlltmtion of mitochondria. 

In imse^s I the phenomenon has been observed by Ranade (1930) and 
by Bhyarn Mohan Srivaetava and Bhattacharya (1935). The latter have also 
observed the infiltration of the mitochondria. 


[FuHiihed June BOthy 1937. 
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Ikeda reports the infiltration of the Golgi elements as well as of mito- 
chondria from the follicular cells to the oocyte in birds (1928). 

Thus the infiltration of the cytoplasmic inclusions from the egg membranes 
has been observed in a fairly wide range of animals, and the process is remark- 
ably prominent. 

In a recent paper Gosta Jagersten has questioned the reality of the 
infiltration. In his opinion the observations of Bramboll and Ikeda are 
incorrect, for it is difficult to determine by the study of sections on which 
side of a membrane a certain particle lies. As for the infiltration of the Golgi 
elements through the zona radiata as depicted by Bhattaoharya (1925), and 
Bhattacharya and collaborators (1929), he thinks tliat the ‘ dust-like * particles 
are not Golgi bodies. JEgersten does not seem to have taken pains to study 
the subject in detail. The methods of infiltration vary in different animals, 
and can only be studied by the use of specific methods. 

In Caiotes, for example, fairly big lumps of Golgi elements pass from 
the folli(de cells to the egg, through the zona radiata (Bhattacharya, Das, 
and Dutta, 1929). There is, however, hardly any reason to doubt that the 
infiltering jiarticles are anything else than the Golgi bodies. 

Jagersten basic assumption is that the Golgi elements are always scaly 
in structure, which is hardly correct, for the apparatus appears to be poly- 
morphic and assumes diverse shapes. Its morphology varies according to the 
nature of the cell in which it is found. The infiltering granules are strictly 
like the ones found in the follictdar cells and there is hardly any justification 
for the statement that they do not represent the Golgi elements. 

Nusbaum-Iiilarowicz (1917) observed the infiltration of the mitochondria 
from the nurse cells to the oocyte in Dytiscus and a similar phenomenon was 
also reported by Govaerts in Hymenoptere (1933). Bhandari and Nath des- 
cribed the infiltration of Golgi bodies from the nutritive chamber to the egg 
along the nutritive strands in Dysderem cingulatm (1930). 

Srivastava (1934) reported the infiltration of Golgi bodies and mito- 
chondria from the nurse-cells into the oocytes in Mwea and a similar pheno- 
menon has been observed in Ap^im by Shyam Mohan Srivastava and 
Bhattacharya (1935). 

We have no doubt that the phenomenon of the inffitration of the formed 
cytoplasmic granules from the nurse-oells and the folUcular cells to the egg 
is strictly comparable for both types of cells which normally function in order 
to contribute to the growth and development of the oocyte. While much of 
the material transmitted through these cells must be of non-living fluid and 
granular nature, the passage of the cell organelles can longer be dou 
This becomes speoudly signifioant in view of the &ot that the (^rto|daamic 
inclusions have been held responsible the production of the 
subtanoes of the €gg. Taking into * consideimtion the nutritive fonction of the 
egg-membranes, as well as of the nurse-oells, the of i^ 

becomes easily understood, aM can be expect^ to occur in aU m^^ 
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The object of writiiig this note is to lay emphasis on the foot that during 
the OQurse of oogenesis the follicular cells contribute a definite quota of their 
cytoplasmic inclusions to the egg. This phenomenon has been observed in 
many classes of animals that hare been investigated in this laboratory and 
there appears to be no doubt about the reality of the process and its nutritive 
function. 
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ON PROPAGATION OF ELECTROMAGNETIC WAVES THROUGH 

THE ATMOSPHERE. 

By M. N. Saha, D.Sc., F.R.S. and R. N. Kai, MMc., 
Department of Physics^ AU<ihab(ul University . 

(Read MarrJi 25, 1937.) 

Intro DUCTicm. 

The subject of propagation of olotiiromagnetic waves through the atmos- 
phere is mostly treatel in terms of ilie ray method. The present state 
of our knowledge is summarized in two excellent reports : (1) Report on the 
present state of our knowle<ige of the Ionosphere by S. K. Mitra published 
in the Proceedings of the National Insiituit of SciencAs of Irulia, Vol. I, No. 3, 
December 1935 ; hereafter referred to as Re|Kjrt 1 ; (2) Radio Exploration of 
the UpjKjr Atmospheric Ionisation by E. V. Ai)pletoa in the Reports on the 
Progress of Physics, Vol. II, 1936 ; hereafter referred to as Report 2. Prof. 
Appleton remarks on page 133 of Report 2 : 

* The discussion in the present soc.tiori has so far been written in terms of 
a ray treatment. But it is well known that it is not possiljle ade<|uate)y to 
dosenbo optical phenomena in terms of geometrical o|)tir?H when the refmetive 
index p varies appreciably within a wavelength in the medium in a direction 
iK>nual to the wavelength. Now for total reflection at normal incidence, the 
wavelength becomes infinitely large as so that; in this case the ray 

treatment needs further justification.* 

The wave treatment of the problem has been tried by Hiirtreo (1) in throe 
important papers. In .ilie first paj)er, ho obtained, in the absence of the 
magnetic field, the differential equations for wave projmgation and calculated 
the electric and magnetic fields. In the second, ho dcrivcKl an expression for p, 
taking the earth *s magnetic field into account. In the third pHjK?r, he obtained 
approximate expressions for the optical and equivalent; i:)athH for stratified 
m^ium in which p varies slowly. Reviewing tlie work of Hartree, Appleton 
says IReport 2, p. 133], ‘ On the whole, however, it may bo said that the 
work of Hartree shows tiiat the errors made in using a ray tnmtmont are not 
serious in most practical problems *. 

It is, however, not dilSScult to find illustrations which show tlie complete 
insufficiency of the ray treatment even for ceases ordinarily met with: as 
an iUustration, let us take the condition of reflection, A wave propagated 
Vertleally upwards is supposed to be reflected from the spot where the refrac- 
tive index the value 0, on account of increase in electron or ion 

emhuntra 

As Appletcm has shown (see Report 1, p. 142, figs. 3-8, where q is plotted 

gives us the conditions of reflection 

f (PubitdMSd July 12th^ 



360 M. N. SAHA & K. N. RAI : ON PEOPAGATION OF ELEOTROMAaNBTIO 


of the 0 -wave = /Jo*)vafl well as of the x-wave {p^ = But can be 

xero, only if the collision frequency win bo neglected. In general, however, 
the collision frequency is never zf5ro, and the refractive index is complex, of 
the form q where x depends on the collision frequency and the i on- 

con cent rati oji aiid is not zero at any height excepting the lowest, so that q 
can never take a negative value even if the real {uirt p = 0. For example, 
see the g-curves drawn by M. Taylor (2) and Gobau (3). They have shown 
that q takes up a steady, small, j>ositive value with increasing values of ioii- 
concentration, due to finite value of x* It may be mentioned, however, that 
accoMing to the magneto-ionic theory, both p snd x 4 re functions of ion- 
conc'tentration, and of the collision frequency v, each of which again is a- fun(4 ion 
of the heiglit z. None of the curves drawn either by Taylor or Gobau represents 
tht' actual variation of q with z. For this purpost^ the best (course would be 
to make use of a tbreo-dimensionaJ roprestuitation with elect ron- eon cent ratioji 
/ 47rJVe*\ 

— j along the x-axis, v = collision frequency along the ^-axis and 


q along the z-axis ; p* and v are to be given all possible values, wo get a surface 
representing q, and the actual (^, z) curve for the atmosphere is obtained by 
leaking a section of this surfacf^ through points whicdi represent the actual values 
of V, and at a point z in the atmosphere. This has not yet been attempted, 
but it can be shown that q can actually never bec^ome zero. In the F-layer, 
there is probably some justification for neglecting collision as vjp .2^10 **, but 
this cannot be said of the F-layer where vjp C^l. 

On accoiuit of these difficulties, several workers have tried to formulate 
other criteria for the reflection of waves. Booker (4) says that appreciable re- 
flection of an incident wave C4in take place only from such stratum, where either 
the variation of q j)er miit wavelength is consiilerablo or ^ 0. One of us 
(5) has shown that a better criterion for reflection is that group-velocity should 
bo zero. This criterion can, however, in the present state of our knowledge 
Ik? used only when collisions can Ik? neglected, for Rayleigh’s theorem that 

group velocity a = where v =« frequency, k »s wave number, holds only 

when the waves constituting a group are undamx>ed. Wo are not aware of 
any work which treats satisfactorily the case when the component waves are 
damjK?d. However, neglecting collisions, one of us, RiU (5), found that the 
(criterion group-velocity ft =* 0 for reflections gives us the following four 
conditions for reflection : — 

(a) FPa •••> x-wave 1 


m 


(y) 0 -wave 

(8) Po* “ * - . - • * • * V* • V • • x-wave' 
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m 


Condition (fi) is new and is not given by the hitherto assumed oondition 
for reflection, i,e, p, « 0. The actual existence of n'flection (j8) was detected 
at Allahabad by Pont and Rajpai (fl), and, in fact , gavci occasion for a rt^vision 
of our ideas regarding the criterion for refleetioJi. 

The cases (a) to (S) have been further discussed in a pajw Bojpai 
and K. B. Mathur (7). For the sake of illustration, we may work out from 
their pjijxvr the ele(?tron concentration required for the above four nnwies of 


reflection, taking p = 23*3 kilocy<*leH, f = 


233 

2it 


3-70, we And that 


Kefha^tioii (a) tak(^s place when N == *S8x lO'Vcm® 
iP) ,, A' s=: l*40x Ut*^/cm” 

(y) „ „ „ == l-52xlOVcm^ ^ 

(8) „ A^ = 24(>xlOVcmVj 


The question now arises how tlK‘ sanu* ;r-wave can get reflected from timx* 
different strata at one and the same time. Jf a wave is propagated vertically 
U]>war<ls, it gets sjjlif- up into an o-wa ve, and an r* wave, which an^ propagated 
with different velocath's in tlie ionosphere. On i’(iaching the level where 
N =sa *88 X tiic r-wave gets reflected. JSul is fhis rrflecfion cnrnpkfe or 

ixirtial ? According to tlie ray treatment this should ht^ (a>mpl(»te, as the vanish- 
ing of group- velocity nunins that tliere is no furf lua’ forward |)ropagation of 
energy by the waves. But Pant, and Baj]>ai (fl) in this laboratory not i<5cd tlu^ 
reflection of the .r-wa vc according to tlie met hod (jS). and Toshniwai (8) ffliserved 
a tlireefold splitting of the wave, presumahly of the .r-wave, one of which lie 
intiwpreted as mode (jS). This observation was later verified by IamV Harang 
(9) and recently all the four conditions of reflection have been verified by 
R, Jouanst and his oo- workers. These eases show that reflei'tion according to 
(a) is incomplete, even wlien we get the requisite electron -concentration, and 
the a:- wave can sometimes leak througli the lay<‘r, and get rcfleeted under 
conditions which still to be investigated, from the higher regions (j8) and 
(8). These oases therefore call for a revision of tlie treatment which tins so 
far been pursued. But these are not the only oases whi<t]i (uill for a revision 
of the ray treatment. Another is the existence of simultaneous reflection from 
layers at widely different, heights. The best known example of this typo is 
afforded by the case of the so-called sporadic A’-layer roffeelion, also called 
Abnormal Region ii? -ionization by Appleton (for a detailed account, sw Re|>ort 
2, p. 159, where a reference to original papers will be found). It was first 
discovered in 1930 that * echo-reflection often occurs from an atmospheric 
level approximately to that of region E for electric wave frequeneies which 
ore higher ih^n the critical fnxpaency for the normal I'cgion E \ Appleton 
concluded that ‘ either the recombination of ions is prevented or then^ is 
some ionizing agent present which can influence the dark side of the cart h \ 
The sporadic iS^-layer ionization has sm(*e been investigated by a huge 
number of workers-^nSehafer and (Joodal, Rjuizi, Ratcliffo and White, Appleton 
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and Naismith (10) — with the object of finding out the oonditions which give 
rise to the formation of the layer. It was first supposed that either thunder- 
storms or magnetic storms may give rise to a thin but concentrated layer of 
electrons at the i?- height, but Kirby and Judson (11) have shown that the 
phenomenon cannot l>o due to extra-ionization prcxluced by thunderstorms 
either occurring locally or within a radius of 300 Km., or due to magnetic 
storms. Berkner and Wells (12) have also confimieii this finding, and have fur- 
ther shown that sporadic U-roflection appears to increasing in frequency as we 
proceed from the magnetic equator to the poles. This has l)een confirmed by 
L. Harang (13). Apparently, the sporadic layer is formed by some focussing 
action of the earth’s magnetic field on the electrons at the ^-layer. But we 
are not concerned in this piper with the causes giving rise to the sporadic 
-layer but with the phenomenon that the same wave can get reflected from 
this layer, which is at the height of 100 Km., as well as from the much higher 
if’-layer at one and the same instant (of course neglecting the time of transit). 

The apparent explanation secerns to be that a layer of electrical particles 
of abnormal density but extreme thinness is formed at the height of the normal 
E-hiyev. This layer reflects partly the energy of the waves, but part of the 
energy of the incident waves leaks through the layer, and gets reflected from the 
ujjper }\Ai\yer. This phenomenon cannot he understood if ja = 0 is taken as 
the condition of reflection, for then reflection from f.he lower layer would he 
complete. 

The if -reflections. Another phenomenon which points to the same con- 
clusion is the existence of if -rcBflections investigated by Ratcliffe and 
White (14) and l»y J^enneck and Gohau. In this case the wave penetrates the 
AMayer, gets reflected from the F-layer, hut the returned wave, instead of pro- 
ceeding straight to the ground, gets reflected from the top of the ^7dayer, 
again gets reflected from the F-laj^er, and then proceeds straight to the ground. 
This phenomenon and the related E and F reflections show that the same wave 
mx\ partly be reflec^ted and can also leak through the same layer. 

Ijet us see how all these phenomena can ho explained. 


For carrying out the programme sketched in §1, w© have to start from the 
original Maxwellian equations, and derive equations for the propagation of 
electric and magnetic vectors associated with the eleotro-magnotic wave in 
the atmosphere, taking the effect of ion-conoentration, collision and the earth’s 
magnetic field into consideration. This has been done in a separate paper ; 
hero only the results which will l>e necessary for the present discussion are 
quoted : We consider only vertical propagation (axis erf z). Let (i?*, 

denote the components of the eleoiric and magnetic vectors associate 
with the signal. We further take the magnetic mendtah as our plane of orz. 
Then it can he shown that the wave equatitms for 
given by 
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dz c di * dz c dt I 
dz c dt c di 

iEi 

dz c dt c dt 

where ^|, K^ are complex dielectric constants. L may be called mutual 
dieleotno constant. Further, these quantities satisfy the equations 

K, d^E^ iL 

lz^~ C*"' rf«* rfA*' 

iL ^ rf*&\ 

dz^’" c’ dfi c* ‘ rf«* I 

dm^ R\ d*H, iL d^Hy / 

dz* “ c* ■ dt* c* ' dt* 

dm, iL dm^ A'l d*H, 

dz* “ c* ■ dt* ■*■ c* ‘ dt* i 


> . . . . ( 3 ) 

> 


We can write out values of Ki^ iC*, L in the general case by using the following 
notations, which as far as possible conform to those used by Appleton and 
Ratoliffe, and Mitra in their respective reports. 


h Earth’s magnetic field, components A,, 

cA 

. * Larmor Frequency ^ • 

Components of Larmor Frequency. 

p .Pulsattinoe of the E,M. Wave. 


Po* 


4ffiye« 

m 


•Where N is the number of electrons or ions 


j)er c.o. e, m are their charge and mass. 
V * . * collision frequency for electrons or ions. • 

1 , r . ^ 

(w„ to.) « - {f„ p,, p.), <u - resultant of («.„ «>,. w.) - ~ • 

|)* ffipt 

q complex refractive index « p+ix\ 
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Wo have in general wlien damping is not neglected 

K a,l-r K ^ 1 j- 

Aj m i r. .Ajwl r. , 


The general solution of equations (3) and (4) is very much complicated 
and is not attempted hero. We take the simplified case when collisions can 
be neglected, t,c. )9 « 1. In this cjase we have 

ir _ I „ 1— r— o/ E' _ 1 „ 1"-^ 

' ^ ^ (l-a>») - r(l -uj/) 

T ^ /a. 

" (1 -£!>*) --r(l--o/) 

For the solutions of equations (3) and (4), we may first utilize the facts that 
every quantity E ov H in proportional to exp. (ipt ) — then bearing in mind that 

zp 

Ej,, Ey are now only functions of z, and introducing a new variable « = 
we have 


dE, dE, 

^ » -KrB^+iLE , ; ^ - -iLE,^KJSI,i 


— LEy 




xiLH.^K^Hy 


[The last two equations in H^, Hy are strictly not quite rigorous]. 

In the solution of these equations, we may as a first step regard the quan- 
tities K and L as constants, ue, not varying with «, and then we get aU the 
results deduced by Appleton and others regarding splitting of the waves into 
o and x-components, their polarization, refractive indices, and the conditions 
for refiection [conditions (a), (y), (8)]. When the expressions (5) are utilized, 
the usual expressions for refractive index, and absorption coefficient of the 
two components can also be deduced. 

But a little refiection shows that this procedure is not strictly justified, 
for K and L, both involve r and v (ionization and collision frequency) and 
these vaiy with height. We are therefore, in general, not justified in proceeding 
with the solution on the assumption that K and X are constants. 

To illustrate this point, let us take the simplest possible ease, viz, that 
of propagation in the magnetic equator. We have then oi* w 0, m We 
liave l^refore 

..TO 
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The equations rediuse to : 


o-wave : -~ + (\ —r)E^ w 0 


rf«* ■*■(* 


d*E„ c ?^(I— J-) "k „ 

^+f 1 - - 'Ih 

du^^ l (i_r)_ai® J 


>-(l-r) 
(I — *f)^ClJ 


For the o-wave, it is usual to take ^ equal to jw®, and the vanishing of 

this gives us the condition for reflection of the o-wave : viz. =: ; similarly 

we may take — - — - — and this vanishes when /) 0 * = But 

since r is a function of Zy the procedure is not justified. Wc cannot* in fact, 
talk of a refractive index in the usual sense. These equations are of the form 

— = 0 ( 10 ) 

where 4® is not a constant, but a function of (u). 

Equations of this type were first discussed by Lord Rayleigh (15) ; see 
‘ On the propagation of waves through a stratified medium with special 
reference to the question of reflection The following treatment is based on 
Lord Rayleigh^s with the necessary modification. The same treatment was 
later given by Gans (16), apparently without a knowledge of Rayleigh’s 
previous work. It may also be mentioned that Gamow (17) has used the 
same method in his famous work on the ‘ Penetration of the Fofe>ntial Barrier 
of Nuclei of Atoms by high energy particles 


Let us put <f> i 


We have then 


d<f> ^ , d^ fPf/> 
dw ^ du * du^ 




The differential equation (10) takes the form 




If it is possible to neglect the first term with respect to the second, t.e. if 


£ 1 

du^ ds 

du 


we have 


+ it® «b0 
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Here «| denotes the first approximation to «. We have then 

and ^ » (7 exp. j^±*j* or C exp. W?“] .. (14) 


The Becond form holds when fc* is negative « — 

Let US now work out a second approximation. We now regard C as 
varying with u or z. It can be easily shown that C satisfies the equation 

«+2a^+a..c = o (16) 

where ifc' ~ • 
du 

dHJ 

If we suppose that can be neglected, we easily obtain from (15) 


C 


A 



according as ifc* is positive or negative. 

So the seciond approximation gives us, as the solution of (10) 

I A ±iikd0 

*"vi‘ 


or 


A’ tJW* 

vr 


. . (16A) 
.. (16B) 


This solution can be regarded as correct if 

^ •• (m 

We ihall asaume that this condition Is satisfied, though actually, as can easily 
be seen this is strictly not the case even approximately. Let ns nov see 
how these solutions can be applied to the present ease. As the wave moves 

4>re* 

up in the atmosphm«, r aa-^I.W gradually approaches the value 1, and 

ultimately may exceed 1, so that i* a 1—r becomes negative. The 
actual state of afiairs is represmited in 1%. 1. Hete the ahsdssa 

4w«* 

represents hei^t, the ordinate t m . N is proporrional to the eleotton> 

oonoentrarion. The distribution of electriHis Is represented by the ourve 
OPQJB which is of course fiuibied. If wave etf eonae other finquency w^ 
hu^oyed, the position of the line r «» ApAp A,) wordd sidfk withirespect 
to the curve, e.g. for p, >p the line tsotdd go up, s^ orpsa 

oyer the crest of the curve Ttw j^<p ^ Uae 
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Fw. 1. 


down as shown in Pig. 1. From^ to-4i,the value offc*sa=l—r is positive, at Ai 
it becomes zero, l)etween Ai and A 2 it is negative, and then it is again positive. 
We have to write different sultabfo solutions of (10) for the three different 

regions, and apply the conditions of continuity ^equality of ^ and at the 

transition points Ai and A 2 . Then it can be easily shown that tliere is a 
forward and backward wave of type (UJA) in the region Ik> tween O and Ai, 
in the region A 1 A 2 , the disturbance is damped (ICB) and there are two com- 
ponents, beyond A^ there is only one wave (16A) with the negative sign. 
The coefficient of transmission through the barrier is given by 


r«4 


G^;)‘ 


/“Vn 


du 


(18) 


whare f, is the limiting value of r in the region (OA^), r, in the region A^. 
«]> >1 are the oo.ordinates for the points Ai, A^ respectively. Wo have, 
restoring the old co-ordinates 


•• •• 


(19) 


We AaQ try to oaloulate its value in some representative cases. In the 
«^p«tion (10), Po* where N is the actual eleotron-oonoentration 

4*6* 

»t « faei|fht ,» within AiAf. As ‘p ’ is fixed, we ean put a. A',, so JV is 
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the eleotron-conoentration at the layer where itiflection takes place, 
the index of c in (19) is given in the case of electrons by 


_! / /W\ 

\\J m ) 


'V/A'o-i^i • “ -1-9x10' 


‘S/N-N^ dz 


and m refers to electrons. If they refer to ions, wo have 


the index 


■8*3x10® 


The value of the integral cannot be obtained unless we know the form of the 
electron-concentration curve above the line r « 1, Let us suppose that it is 
in the form of an isosciolos triangle, so that for the rising half, 

N = iV^i+a(s-“2;,) 

then the value of N at the peak will bo Nf„, Then the ha If- breadth of 
Nm^N 

the barrier sss 1 i-»nir Ar at aaTiy ■»viiitj+ 


For the descending half, N = N., 


We must 


have some idea of the values of a and the half- breadth in order to be 

able to make some calculations . ■ 

It is well known, however, that for the i?-layer, a is largo, and the thick- 
ness of the layer is small, while for the F-layor, a is small, and the thickness 
of the layer is large. But as hgvires are available only for the F-layer, we shall 
give a calculation based on data for F alone. 

In a case cited by Appleton, the values of N are given as follows : — 
Penetration Frequency for {h = 3<X) Km.) » 4 megiicycles, N « 1*98 X 10* 

(A « 210 Km.) = 3-7 „ iV^»l'70xlO* 


So we have 


2-8x10* 


" 90x10* 

Using these values wo have 

the index =s — 1 * 90 x 10 -® « 

where b a* half-breadth of the barrier. 


as S.IO"" ® electrons per cm. 


Taking into account the factor 




we find that the amount of 


energy transmitted falls to half of its value, for a barrier of the form shown in 
fig. 1, and for gradient and electron density characteristic of the F4«yer, if 
the half-breadth of the layer is about 1*5 Km. This calculation is of course 
fancied, but it shows that the wave can penetrate some tbioknesseB of the 
ionized layer without appreciable diminution in int^sity. For the J?4ayer, 
a is larger, but 6 is smaller, hence if the thickness of the layer is of the order 
^of a kilometer a port of tlie energy of the incident wave may be transmitted, 
though the value 4^ jg is zero for the ware tra,asmitted at the point where 
it meets tlie electrdii-barrier. ' 
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This treatment of iKjnctnit ion of electron or ion -barriers by o.m. waves 
cannot be utilhsed for the a:- wave, which has singularities at 

2 £ 

(«) i’o* =■ p'—pph , (^) p« “ p* ■ (^) Po* =• p^+pph • 

The problem is still nrulor consideration. 

In conclusion, wo wish to express our tha/iks to Dr. (1. H. Toshniwal for 
many useful discussions and to Mr. K. B. Matliur and Dr. Ilakahit for much 
help in the calculations. 


Summary. 

In this paper, the ray treatment of j)asHage of e.m. waves through the 
ionospHort^ has been critically reviewed, and a wave treatment has been given 
for the o-wavo for propagation in th<i magnetic equator. It has l)een shown 
that contrary to the impli<at assumptioii in the ray treatment which requires 
complete reflo(?tion at the point in t he ion- barrier where p falls to zero, there 
may be considerable penetration by the wave of the barrier, oven when the 
thickness of the barrier amounts to several kilometers* 
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CHEMICAL EXAMINATION OF tNDIOOFEEA ENNEAPHYLLA, 
LtNN. AND THE ISOLATION OF ITS ACTIVE PRINCIPLE. 

By Satyendba Nath Chattekji and Shikhibhvjshan Dutt, 
Chemical Laboratories ^ University of Allahabad. 

{Read March 25, 1937.) 

Indigofem enneajyhylla, Linn, ia a common annual or perennial herb 
belonging to the Natural Order — I./eguminosee. It is distributed throughout 
India, Burma, the Malaya Peninsula and Northern Australia and particularly 
in Bengal. The Sanskrit, Bengali and Hindi name of the plant is Vamka. 
It is regarded by Indian medical practitioners as alterative in old venereal 
affections. The juice of this plant is used as an antiscorbutic and diuretic. 
According to Ainsle and Mudan Sheriff the plant has several other medicinal 
properties. No work of a chemical nature has yet Injen done on this plant, 
in spite of the fact that it is so abundant everywhere, particularly after the 
rainy season. 

The plant on extraction with alcohol and subsequent working up of the 
alcoholic extract in accordance with the experimental part, gave its active 
principle in the form of two unsaturated hydrocarbons which have been 
named ^ Indigoferin ^ and * Enneaphyllin \ It may be mentioned that never 
before has any hydrocarbon been isolated ftom any plant belonging to the 
family of Legupunosaa. 

Expbeimbntal. 

Forty kilograms of the entire plant were collected locally and dried in the 
sun. The fimsh plant lost 43'2% of moisture during the process of drying. On 
complete incineration it yielded 15*27% of a grey coloured ash, 30% of which 
was water-soluble; The following radicals were detected 

(а) In the water-soluble portion : — 

K,80^,andCL 

(б) In the water insoluble portion : — 

Al, Fe (in traces), Ca, Mg . COg. 

Of the total ash 0% consisted of matter which was insoluble in a mixture of 
nitidc and hydrochloric acids. This was found to be mainly silica. 

idea about the extractives present in the plant, ten 

of the dried and ground sttiff’ were exhaustively extracted with the 
solywta in siiocessiim 

7*21% of extract was obtained. The 
odfimr of the extract was deep green and it was somewhat 


[IH>hUidiBd July 2Sr4 1237. 
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M^ihyl alcohoL — ^This gave 6*12% of extract which was much less 
Kticky than that obtained with ethyl alcohol but posBoseed almost a 
similar odour. 

^oe<one.— This gave 1'31% of extract which was dry and yellowish- 
green and possessed a faint odour. 

Benzem, — *7*38% of a thick viscid dark green extract was obtained 
which possessed a strong odour. 

Chloroform. — This gave 5* 15% of extract which was light green and dry, 
and possessed a faint odour. 

Carbon ietrackloride. — By this was obtained 6*56% of extract which 
j) 0 BS 08 sed a dry and yellowish-green appearance and a faint smell. 

Water, — 4:»65% of a viscid green extract was obtained which had an 
unpleasant smell. 

The active principle of the plant has been obtained as a mixture of two 
unsaturated hydrocarbons of high molecular weights. One of them is soluble 
in hot acetone from which it comes down on cooling. This has been named 
Indigoferin. The other is insoluble both in hot and in cold acetone. This has 
been named Enneaphyllin. The fact that one is soluble in acetone and the 
other is not has been utilized in separating them from each other. The 
formula of Indigoferin is C^oHjiq and of Enneaphyllin 

The details about the isolation and examination of the active principle 
of the plant are given below. 

One kilogram of the dried and ground plant was introduced into a flask 
and refluxed with 90% alcohol on a water-bath for six hours. The extraction 
flask was then quickly removed from the water-bath and the alcohol was 
filtered hot. It was allowed to cool when a solid precipitate appeared in the 
alcohol. The whole substance was allowed to stand overnight. The next 
day the alcohol was filtered off and the solid substance thus separated. The 
latter was given twelve to fifteen washings with cold alcohol in order to wash 
off the chlorophyll which gave a deep green colour to the precipitate. By this 
means the solid gradually lost the green colour becoming ultimately white. 
A large number of extractions with the fresh plant were done in a similar way. 
The solid extracts were allowed to dry in the sun. The yields of the dried solid 
extract thus obtained varied from *16 to *2%. 

The alcoholic mother liquor obtained after separating the solid precipitate 
was concentrated to a fourth of the original bulk by distilling off the rest of 
the alcohol. On cooling the concentrated liquid, a solid pfreoipitato appeared 
in it. The amount of solid thus obtained was very small. It was fUtorod off 
from the alcohol and the adhering green colour of chlorophyll was removed 
by washing with cold alcohol. The white solid thus obtained was found on 
examination to be the same substance whieh aeparoited from the hot alcoholic 
extract of the plant when it was allowed to cool. 

The concentrated aloohcdic mother liquor obtained, after removal of the 
solid precipitate, was tested % the presence of glu^c^ biit the tests 
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-employed revealed that none was present. The concentrated mother liquor 
was also tested for the pmsence of alkaloids but no alkaloid could be detected. 

The solid alcoholic extracts were dissolved by warming in water- 
free benzene and the benzene solution filtered in order to septirafe any inorganic 
matter which might have been present in the alcoholic extract and which did 
not dissolve in benzene. The benzene solution was concentrated to a small 
bulk and the solid was recovered from it by evaporating off the rest of the 
benzene in the sun. The substance which did not dissolve in benzene was found 
on examination to be potassium sulphate. 

Examination of the solubility of the solid plant extract in different solvents 
revealed the fact that it is a mixture of two substances, A and B, of which 
the coin|>onent A is soluble in hot acetone (from which it comes down on cooling), 
while B is insoluble either in the hot or in the cold solvent. By taking 
advantage of this fact the mixture was separated into the two components, 
A and B, by boiling the mixture in acetone and then filtering the acetone 
through a hot water funnel. The proportions of A and B in the mixture was 
found to be about 3 to 1. The component A has bt>en mimed Indigoferin 
and the component B Enneaphyllin. 

Examination ok Indiooferin. 

Indigoferin was crystallized from acetone by dissolving it in hot acetone 
and allowing the solution to cool when very small needle-slmpod crystiils, 
visible under the high power of the microscope, separated. The solid was 
repeatedly crystiillized from acetone in the manner stated until the last traces 
of xanthophyll, which gave a yellowish tinge to the white solid, were com- 
pletely removed. To remove the last traces of colouring matter from the 
solid, the latter had to be (Crystallized from acetone nearly ten to twelve times. 
The purified solid was white in colour and melted at 77 °C. 

The solubilities of the siibstiince in various solvents are given below : 

Ethyl alcoholi ^thyl metate, pyHdinc . — Slightly soluble in the hot solvents, 
getting precipitated on cooling. 

Meihyl ukohol am? aee?onc.— Soluble in hot, and crysttillizos on cooling, 
in a needle-shaped form. 

toluem tmd iC3^?eae.-*-EasiIy soluble in hot and does not get 
precipitated on cooling. 

carhop teirachloride and acetic acid , — ^Fairly soluble 

in hot, getting partially precipitated on cooling. 

Petrol UUr, ether and mrbm dMphide.-^Very sparingly soluble in the 


Idling solvents. 

Napithedene . — Dissolves in molten naphthalene . 
^ater^lnsoluble. 



is a hydrocarlion : 
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The empirical formula of the compound as calculated from these combustion 
results comes to be CH^j. 

The molecular weight of the compound as determined by East’s camphor 
method gave the following values : 

1. 962. 

2. 979. 

3. 1004. 

The formula requires the molecular weight of the oompoimd to 

be 980. 

The compound was found to be unsaturated since it absorbed bromine 
from a solution of the latter in carbon tetrachloride. The unsaturation was 
estimated by determining the Iodine Value of the compound by means of Wiji’s 
solution. 

The Iodine Value obtained experimentally was 24*80. Assuming that two 
atoms of iodine are taken up by one molecule of the substance, the theoretical 
Iodine Value expected is 25*90. From these data it is obvious that the com- 
pound has a single double bond in its molecule. 

The compound on burning gives out a characteristic smell which resembles 
that of a burning candle. This fact suggests that the compound is probably 
an aliphatic compound resembling paraffin wax. 


Dibbomo Dbbivattve. 

The dibromo derivative was prepared by dissolving the substance in 
carbon tetrachloride and adding to it a slight excess of bromine in carbon 
tetrachloride solution, refluxing the whole thing on a water- bath for two hours, 
separating the carbon tetrachloride solution of the dibromo derivative after 
removing the excess of bromine by an aqueous solution of sodium thiosulphate, 
and finally distilling off the carbon tetrachloride. The dibromo derivative 
melted at 81®C. Its solubility was studied in the following solvents 
BeimMt ethpl alcohol and methyl afco?W.-— ‘Soluble in hot. 

Chhwftnm and mrbon tetr(whloride.’-^olxM 
Acetone and water, — Insoluble, 

The percentage of bromine estimated in the bromo derivative is 14* 131%, 
Assuming that two atoms of bromine are taken up by Indlgoferin, the theoretical 
percentage of bromine is 14*035%. Hence the fpmmia of the dibromo deriva- 
tive is 

The fact that one dcmble bond is present in the molecnde of Incy^ 
is ccsToborated from the result of the estimatkm of bromine m the brmo 
'^derivative, . ' 

indigoferin was found to be maiy be 

;£act that it limy b^^ .. . ^ '-.a ■ ■ v:' v';;:.,;' 
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Examination of ENNEAFiiyLLiK. 

Afer the separation of Indigoferin from the solid alooholic extraet by 
repeated treatniont witii acretone, the remainder was placed in a Hoxhlet and 
exhaustively extracted with ateton© for 30 hours in ord(»r to remove the last 
traces of Indigoferiu from it. The solid, Eiinea[>hyliiri, was then dissolved 
in nitrobenzene at the temperature of the water- bath when a solution of the 
solid was obtained in nitrobenzene. On cooling the uitrobeuzene solution, 
the solid separated and it was filttjred off and the residue wasJied repf^atedly 
witli petrol ether until the smell of nitrobenzene was completely removefl. 
After repeating the whole process once mor<> the solid was dried in va(^uo 
over fused calcium chloride and finally crystallized from iKmzene. The 
crystals were rod-shaped and were visible under the high powTW of the 
mierGseope. The dritnl solid was light brown in colour and melted at 

The following are the results of the solubility of the Huhstanee in various 
solvents : — 

Ethyl alcohol y methyl alcohol and ethyl a>cefate, — Soluble in hot solvents 
but comes down on cooling. 

Petrol ether i ether and carbon dimlpkide. — Very sparingly soluble in the 
boiling solvents. 

Chloroform and mr6on tetrachloride. — Fairly soluble in hot but gets 
precipitated on cooling. 

Benzene^ toluene and xylern. — ^Dissolves easily on warming and doea not 
get precapita tc'd on cooling. 

Acetone y pyridine ^ glmuil acetic acid and water, — Insoluble. 

NapMhaUm. — Dissolves in molten naphthalene. 

The following combustion results show that the suhstam^e is ti hydro- 
carbon : — 

C == 874%, H « 12*38%. 

The empirical formula of the (xinipound as calculated from these com- 
bustion results comes to be 

The molecular weight of the compound as detormined by RasFs camphor 
method gave the following values : — 

1. 1216. 

2. 1230, 

The formula or roquircB the molecular weight to be 

1284. 

The eompoimd was found fA> be unsaturat*^d Binco it absorbed bromine 
from a solutioa of the latt/er in carbon tetrachloride. The unsaturation was 

the Iodine Value of the compound by means of 

The Iodine Value obtairt^^ experimentally is 22*44. Assuming that two 

of ic4in« aw takm up by one of the substanw, the theoretical 
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Iodine Value expected in 20’58. From these data it is evident that the com- 
pound has a single double bond in its molecule. 

Dibromo Dkrivativk. 

The dibromo derivative of Enneaphyllin was prepared in exactly the 
same way in wln(;h that of Jndigoferin was prepared. Its solubility was 
stiidied in the following solvents : — 

Benzena . — Fairly soluble in hot but comes down on cooling. 

Ethyl and methyl alcohoh . — Slightly sobiblo in hot. 

Carbon leirachloride and c/?.ibro/orm.- 7 -Solu})le. 

Acetone and v?ater, — Insoluble. 

The dibromo derivative melted at 88°C. 

The percentage of bromine estimated in the bromo d privative is 11*31)2%. 
Assuming that two atoms of bromine arc taken up by Enneaphyllin, the 
theoretical percentage of bromine i.s 11*477%. Hence the formula of the 
dibromo derivative is 

The fat!t that one doxible bond is present in the molecule of Enneaphyllin 
is corroborated from the result of the estimation of bromine in the bromo 
derivative. 

Enneaphyllin was found to ba optically inactive which may be due to the 
fact that it may be racemic. 

Had Enneaphyllin Ix^en a straight chain compound 14 (foiirteen) double 
bonds should luive existed in its molecule. But the facjt that there is only a 
double bond in the molecule shows that the compound is probably a cyclic 
one with a complex molecular structure. 



COLOUR AND CHEMICAL CONSTITUTION OF ISO-NITROSO-THIO- 
BARBITURIC ACID AND ITS INORGANIC AND ORGANIC 

SALTS. 


By Ratak Lai. and Sikhibhushan Durr, Chemical IjobonOory, 
Allahabad University, 


{Read March 25, 1937.) 


Malonyl nrea or barbituric acid on treatment with nitrous acid yields 
violurio acid. In a similar manner if thio- barbituric acid is treated with 
nitrous acid, the compound formed should be iso-nitroBo-thio- barbituric acid, 
which may on analogy be called thiovioluric acid, 

vNH COv 

> SC /CrN.OH 

XNH 


CO. 

XnH — co^ 


THIO-BABBITCmiO ACID. l8O-NITRO$O-THI0-BARBITURl0 ACID OR 

THIOVIOLURIC ACID, 


Since the violurates are all coloured compounds it is naturally expected 
that the salts of thiovioluric acid should yield even more interesting results. 
Though much work has been done on violurio acid and violurates from the 
point of view of colour and their chemical constitution the corresponding 
sulphur compounds, viz. the thioviolurates are quite unknown. Conse- 
quently iso-nitroso-thio-barbituric acid was prepared in a workable quantity 
and a large number of its salts, both organic and inorganic, were obtained, 
They proved to be highly coloured compounds yielding fluorescent purple 
violet solutions. The present paper, therefore, is an attempt to study the 
phenomenon of colour in these compounds and its relation to their chemical 
oonstitution. 

The thioviolurates derived from very weak organic bases like aniline, some 
of which have a basicity constant of the order of 10 “ have very intense colours, 
giving absorption bands between 5,90(M,025 A, and they are in no way less 
intense than the alkaU violurates. It is evident therefore that even the high 
basic nature of the base is not very essential to produce the colour pheno- 
menon, though it may intensify the colour to some extent. 

Thiovioluric acid has been found to have a dissociation constant K ^ 6*73 x 
In aqueous solution containing one gram molecule of the acid in 12B 
of watibr about 8% of molecules are present, dissociated into ions. Such 
a solution has a very faint yellow colour. The oolo^ir of the sodium salt hov^- 
uitense purple, the degree of dissociation being 0'729, 
ie. a^ut 79% of the molecules exist as ions. This intensification in colour 
ma^ tharefiEm attidbutdd to the greater dissooiation of the salt into icms 
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than the original acid. But the work of Magnaninni {Gazette, 1894, 24, I, 48), 
Hantzsch {Ber,, 42, 986 [1902]) and Guinchard (Ber., 32, 1723 [1899]) on 
the salts of violuric acid has definitely proved that the colour phenomenon in 
alkali violurates and other oximido compounds like violuric acid is not due to 
electrolytic dissociation of the molecules into ions. The same holds good 
for thiovioluric acid and its salts. 

All these facts go to show that the colour of thioviolurates is neither 
intimately connected with electrolytic dissociation nor with the strength of 
the base and therefore the true solution of the problem must be sought else- 
where. 

It has been shown by one of the present authors (Dutt, J., 1926, 129^ 
1171 ; J. Indian Ohem, 8oc,, 1927, 4, 99) that in a union between two atoms 
by a double bond the valency directions of the original atoms tend to straighten 
out and produce a great strain in the molecule, depending upon the amount of 
distortion suffered by the valency directions of the original atoms. The 
greater the strain in the molecule the more highly coloured is the compound. 
In a double bond between oxygen and nitrogen the amount of distortion 
suffered by the valency directions on theoretical considerations is 300®, Con- 
sequently it is the most highly strained system of all other combinations. 
The idea is clearly manifested in the remarkable instability of these com- 
pounds. The true nitroso compounds often decompose on the slightest pro- 
vocation. They are easily attacked by reducing and oxidising agents with the 
formation of less strained amino and nitro compounds. This high strain in 
the molecule of nitroso compouiKls is responsible for colour and makes them 
highly absorptive. 

Due to the high strain in the molecule many of the nitroso compounds 
tend to lose their internal strain by formation of ring compounds thus 


2_N«0 



and in the latter form they are colourless. But if the nitroso group is in a 
molecule containing a labile hydrogen atom it automatically rearranges itself 
into a condition of less strain in the following manner, forming the iso-nitroso 
derivative 

_N-0— .. -N— O H. 


A similar thing happens with ieo-nitroso-thio-barbltnrie acid. Since it 
behaves as a weak monobasic acid, it may be represented by the formula (1) 
shown below, in which the H atom mark^ with an astmsk is replaoesMe foy 
metals. This is known as the oximino ketonio form. 


yNH — .(X)v 

(1) SC^ \0-«N • OH ♦ Oximino ^tomo form. 

\nH— 00^ 
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But a 0 aJtwnative structure can be formed due to tiie tautomerization of the 
marked H atom to give the ‘ Nitroso Enolic * formula (2) which is equally 
capable of existence. 


(2) SO 


/ 

\ 


NH- 


-C-OH 


C-N»0 


NH CO 


Nitroso Enolic form. 


This contains the highly strained grounding — N O and hence, according 
to the theory of Dutt {loc, cit,)^ it must be a highly coloured substance. On 
the other hand, if the oximino ketonio formula l>e correct, the tiuovioluri(,i acid 
should not have any colour at all or only a pale yellow colour, Iso-nitroso- 
thio-barbiturio acid or thiovioluric acid, though bright yellow in the solid 
state, gives only a faint yellow solution witli absorption at 4403 A, It is 
therefore evident that it has a structure tautomeric between the oximino 
ketonic and nitroso enolic form. 


yNH COv ^ 

80 { >C«N‘OH 

\nh CO^ 

Oximino Ketonic, 

Thus when thiovioluric acid is put in solution the less strained configuration 
(1) must tend to pass into the highly strained structure (2), duo to the light- 
ness of the hydrogen atom and the consequent ease with which it can be 
transferred from one iwsition to another, this tautoinerism between the two 
forms is sufficiently rapid and the development of full colour, as is expected 
from the structure (2), is not manifested. Hence it can be concluded that in 
solution thiovioluric acid mainly exists in the form (1), very little of (2) being 
present. 

The state of affairs becomes considerably modified when a salt of Ihio- 
violuric acid is examined instead of the acid itself. Under such ciroumstant^es, 
due to the greater load of the 8ul>stituent metal or the basic radical, the 
tautomerism between the two forms is not so easy and the more higlily 
strained configuration (2) results wherever its existence is possible. 

The —CO— group in the molecule is really the residue of a carboxyl and 
still retains Its carboxylic character in a modified form, due to the presence 
of — ^NH — group in its neighbourhood, whose basic character it has more 
than neutralised. When such a group enolises by the transference of the 
labfie H atom it becomes much more acidic than an — ^N.OH group. It can be 
easfly seen therefore that to neutralize an alkali like sodium hydroxide the 
original weakly acidic oximino ketonic form has to tautomerise into the more 
acidic nitroso enolic structure. But onoe the hydrogen atom has been sub- 
stituted Id the latter position it becomes fixed, due to salt formation, and, 
due to the heavy load, cannot tautomerise to the loss strained oximino ketonic 
itov It is due to this that a highly strained structure results which is in 


NH- 


\NH 


-C • OK 


-CO 


> 


C-N=0 



380 


E. liAii & s. auTT ; OOLOUE ft oaxmcAh oojrsawimoK ot 


fact rosponBibta for the intense colour of the thioviolurates and makes them 
so highly absorptive. 

Having studied the effect of nitrogen on colour it would not be without 
interest to see how the replacement of an oxygen atom by sulphur in violurio 
acid and violurates modifies their colour. 

It has been proved by Dutt {loe, cU,) that an unsaturated group C « S 
shifts the position of the absorption maximum in organic compounds towards 
the region of wavelength longer than that corresponding to the group 0 »» O. 
Though, like oxygen, sulphur is divalent and potentially quadrivalent it has 
much greater atomic weight and consequently its loading effect is more 
intense. This has furthm* been confirmed by the researches of Reid {J, 4mer. 
Chem. Soc., 1926, 46, 1936 ; 1926, 48, 528) and of I>utt and Watson (J., 1922, 
121, 1939, 2414) on sulphur substituted dyes. They have regarded the group 
m C » 8 as a more powerful chromophore than the corresponding group 
«« C aa 0, A very interesting verification of such a phenomenon can be 
made from a study of the absorption spectra of thioviolurates and their com- 
parison with the corresponding violurates prepared by Ghatak and Dutt 
(J. Indian Chem, See,, 1928, S, 665). The table given below shows that in all 
oases the wavelength corresponding to maximum absorption is longer in 
thioviolurates than in the corresponding violurates. 

Table 1. 


No. 

Salt with 


AlMoiptioii Maxima 
of ‘ ViolufatM ’ 

Absorption BCaxima 
of * Thioviolurates * 




at N/128 dilution. 

at N/i28 dilution. 

1 

Ammonium Hydroxide 


1(832 A 

6887 A 

2 

Msthylaaiine 


5782 „ 

6882 

3 

Btmethylamins 


5793 „ 

5858 ,, 

4 

Trimethylamino . . 


8712 

5820 „ 

6 

Ethylamins 


5697 

5876 

6 

Biothylamino 


5699 „ 

5931 „ 

7 

8 

Butylamine 

Aniline . . . . 


8532 „ 

8678 „ 

5860 „ 

6900 „ 

9 

0-Toiuidine 


5626 

6928 „ 

10 

M-Toluldine 


5678 „ 

5941 » 

n 

p.Toluidine . . 

* • 

8684 „ 

6880 

12 

O-Fhenylene diamiiie 

« 4 

8684 „ 

8968 

13 

M-Fhenylene „ 

♦ n 

8696 .. 

6868 

14 

F'Fhenykjne „ 


6688 

6871 

15 

! <x-Napthylanune 


. 5488 „ 

6687 „ 

16 

27 

j^'NamthyUmine . . 

ipyridine 


5222 „ 

8682 

6848 

6386 

18 

«*FiooUn6 . . 


6982 

8807 

. 19 

Quinoline .. 


8681 

8861 H 

20 

Fiperidins 


W87 

6033 „ 

21 

Qukdiui . . . . 


6837 „ 

6806 ;* 

t 22 

Cindaonid^ 


mi „ ■ 

6847 

23 

Kiootine . . 


6688 w 

!. . . 6876;... ' 

24 

Jicrphi^ .. 


i.-..-. .:'88W. 

.MOi: W. 

25 

Bruoino . . 


669T „ 

i. , . I9»6 . 
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fh® Ifto* that thioviolurio acid and all ite salts show a marked Moe fluor- 
esceuoe in solution shows that there exists some close relationship between the 
propmfcy of fluorescence and the chemioal structure of these compounds. 
Aoootding to Hewitt {Z, Physikal Ghent,, 1900, 34, 1) fl.uoiesoenoe is conditioned 
by a process of oscillatory tautomerism or rapid vibration of the molecule 
between two structurally identical phases. To such a process he gave the qi-imia 
‘ Double symmetrical tautomerism The two modifications emit and absorb 
alternately light rays of different vibrations and thus exhibit the phAnnm«nrfri 
of fluorescence. 


Examining the structure of iso-nitroso-thio-barbituric acid or thioviolurio 
acid in the light of the theory of Hewitt it can bo seen that the oximino ketonic 
structxme is capable of oscillation between the follovring nitroso enolio forms, 
both of which are structurally identical. 

,NH~CO 


^KH— CO 

SO. ^C— N-0 

'nH— C(OH) 

Nitboso Ehouo Fobm, 


SC 


\ 


/ 


NH— 0(OH) 


NH— 00 
Oximino Kbtonio Fobh. 


80' 

\h- 




[—CO 

Nitkoso Eholio Fobm. 


In both the forms it can form salts due to the mobile nature of the hydrogen 
atom. Such a configuration therefore is actually responsible for the property 
of fluorescence in these compounds. In fact it further verifies the existence of 
its nitroso enolic structuie, assumed previously. 

The alkaloidal salts of iBO-nitroso*thio-barbiturio acid all show optical 
rotation^ although their rotation is always less than that of the parent alkaloid. 
It will be interesting to consider this faU in rotation^ after salt formation^ from 
the point of view of previous workers, Stewart (/,* 1907, 99, 209) has shown 
that the greater the unsaturation of a substance, the greater will be its optical 
rotation and its absolution will also be greater. This was farther confirmed 
by the vfi»k of Singh and Rai {J, Jndim Chem, Soc,, 1926, 3, 389) on coloured 
oamphot compounds. 

It ik well known that the group — CH : N — present in many alkaloids 
is a negative unsaturated group and as soon as salt formation takes place, the 
two latent valencies of nitrogen beoome manifested, the structure becoming as 
foBows 



iEenoe after salt formation the resulOiig salt 

lem xt>tat<^ pcwer than the oiigixial alkaloki This has actual 
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been found tnie in the case of the salts of iso-nitroso-thio-barbituric acid and 
in one case (nicotine) the optical rotation has so much decreased that even 
optical inversion has taken place. The table 3 given at the end shows the 
lessening in the optical rotation. For the sake of comparison the optical 
rotation of the parent alkaloid is also given side by side. It may be noted, 
however, that the removal of strain from the molecule does not mean that the 
aUcaloidal salts should be less coloured, since the actual colour of the salt is 
due to the other part of the molecule, viz. thiovioluric acid radical, which is 
itself sufSciently strained. 


Expkeimental. 

Iso-nitroso-thio-barbituric acid was prepared by passing a continuous 
stream of nitrous acid gas in a fresh ice cold suspension of thio-barbituric acid 
in water. The deep yellow pasty mass which resulted was quickly squeezed 
out and dried on a i^orous plate. When perfectly dry it can be reorystallized 
from absolute alcohol, dry acetone or a mixture of petroleum other and acetone 
(1 : 5). The best results were obtained with the latter. 

It crystallizes from alcohol in yellow lustrous needles, whw*oa8 from 
acetone in rectangular thin plates with saw-like edges. A miorophotograph 
of the crystals from acetone is given below. When crystallized from a mixture 



Mierophetograph of the oryttalt of I«o>mtrotO'thio-barbiturio mid 
(firwn diy aoetone), 

of petroleum ether and acetone it comee out as laige weh defined transpa^ 
bexiigimal |>yramids.^ 
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The aolvent free Bubstanca has a bright lemon yellow colour and meita 
with decomposition at 210®C. It is sparingly soluble in cold water but gradu«dly 
diseolveB on warming. It readily dissolves in ethyl-alcohol, methyl-alcohol, 
acetone and ethyl acetate. It is rather sparingly soluble in ether and amyl 
alcohol and is almost completely insoluble in l>enzene, chloroform, carbon- 
tetrachloride, carbonbisulphide and petroleum ether. 

It is a fairly strong acid having the dissociation constant K — 10 X6’78 

and turns blue litm\iB red. With ferric chloride solution it gives a reddish 
coiourafion. It combines with both organic and inorganic bases, forming 
salts which are oharaoteristically coloured and yield violet solutions. Most of 
the inorganic salts, like those of Ag, Fe, Cu, Fb, Ba, are all insoluble in water 
and come down as beautifully coloured precipitates when a drop of the acid 
solution is added to some soluble salt of these metals in water. 

The salts of thiovioluric acid were all prepared by mixing equimolecular 
quantities of the acid and the base in alcoholic or aqueous solutions. On 
keeping, the salts separated out in fine needles, they were dried and rect'ystall- 
ized from 80% alcohol or water. The aikaloidal salts become sticky on exposure 
to moisture and hence they wore Ijest isolated by precipitation with ether 
and washed with the same solvent till perfectly dry. 

The salts of iso-nitroso-thio-barbituric acid are all coloured in the solid 
state, the shades of wliich vary from light blue to deep violet, crimson and 
finally green. They yield fluorescent violet coloured solutions. They are 
quite stable when pure but gradually decompose when left under atmospheric 
conditions for a long time. They show no melting point but decompose when 
heated above 85'’C. Nearly all of them ate soluble in water or dilute alcohol 
to a lesser or greater extent. Their solutions show absorption bands between 
4400 A-- 6026 A. The aikaloidal salts are optically active too. A complete 
summary of the absorption maxima, dissociation constants and analytical 
results is given in tables 2, 3. 



Tablb 2. 

SaUt I^~fUtro«>4hM>aahUwric add {Thiovidvric octcQ wUh AlhaHes, AUjfdudc A 
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Fifth Ordinary (General Meeting. 


The Fifth Ordinary General Meeting of the National Institute of Sciences 
of India was held at 3 p.m. on Thursday the 25th March, 1937, in the 3^hy«i(?8 
Lecture Theatre of the University of Allahabad. 

The following Fellows were present : — 

Prof. M. N. Haha, m the Oh(nt\ 

Prof. B. Hahni, Foreign HevreUiri/. 

Prof. H. P. Agharkar, Honorary Hecrefary. 

Prof. A. 0. Banerji. 

Prof. B. H. lUiatlaoharya, 

Dr. 8. Dutt. 

Dr. H. H. Mohra. 

Dr. 0. W. B. Normaod. 

Dr, B. N. PraHad. 

Dr. P. L. Srivastava. 

In addition to the Fellows present there wore about 27 visitors present. 
The minutes of the Second Annual (teneral Mooting were road and 
confirmed. 

The Secretary reported that the following Ordinary Fellows had resigned 
their Fellowship : — 

Dr. J. H. Hutton. 

Dr. E. P. Motcalfe. 

The Secretary reported the loss by death of tlie following Ordinary 
FeUow 

Dowan Bahadur D. K. Ananthakriahna Iyer. 

The following Ordinary Follows were admitted as Fellows as per 
Rule 13 

Dr. B. N. Pra«ad. 

Dr. P. b. Srivasfcava. 

Prof. D. R. Bhattaoharya and I)r. H. R. Mohra signed the dnplicaie 
obligation form as per Rule 13. 

The following jmpers were read : — 

1 . On Propagation of Electromagnetic Waves through the Atmosphere. 

By M. N. Saha and R. N. Rai. 

2. Radio Studies of the Upper Atmosphere at Allahabad. By G. R. 

Toshniwal, B. D. Pant and B. R. Bajpai. (Communicated 
by Prof. M. N. Saha.) 

3* Chemical Examination of Cleome pmiaphylla Linn. Part II. 
Constituents of the oil from the seeds. By R. N. Misra and 
S/Dtttt. 
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FIFTH ORDIHAHY OBNHRAt. OTIETIKU 


4. Ohemioal Analysif? of Indian Modicinal PlantH. The aeti vo principle 

and other oan^tituents of Fumana officirialis Bedd. By R. R. 
Agarwal. (Communicated by Dr* 8. Dutt.) 

5. Chemical Examination of Infligofera ennmphi/lla, Linn* and 

the isolation of its active principle. By 8. N. Chatterji and 
8. Dutt. 

fi. Dvoh derived from Chrysoejuinone. By M. P. Singh and 8. Dutt. 
7. Colour and Chemical Constitution of Iso-Nitroso Thio- Barbituric 
Acid and its iTmrganio and Organic Salts. By R. Lai and 
8. Dutt. 

K. The infiltration of Golgi iKxlies and Mit;Ochondria from the follicAilar 
epithelium Uy the egg. By D. B. Bhattacharya and M. I). L. 
Srivastava. 

lb Prediction in Physiology, By W. Burridge. 

10. Ranine Tuberculosis. By W. Burridge. 

11. The Cardiac Valvular Reserve. W. Burridge. 

12. Colour Vision : Normal and Abnormal, for Physicists. By W. 

Burridge. 

13. On differences in the Frog’s ventricle. By W, Burridge. 

14. Kx]:>eriments with Sodium lodoacetate. By P. C. Gupta. (Com- 

municated by Prof. W. Burridge.) 

The President was At Home to Fellows and visitors attending the meeting. 


CAurnTTA:— Published by the National laatltuto of Sciencas of India, 1, Park 
^ „ and Prints by P* Knight, Baptist Mission Pmss, 41a, T/Ower Circular Road, 



THE (0,0) BAND OF OD. 


By M. Ishaq, M.Sc.j Ph,D.y Department of Physics, 

Muslim. University, Aligarh. 

(Communicated by Prof. M. N, Saha.) 

{Read November 6, 19S7 ,) 

Iktroductoby. 

Obsf>rvations of the spectra of diatomic hydride molecules liave played 
an important part in the study of molecular Bpeotra, since the small moments 
of inertia of these molecules loa<i to o{>en -spaced band structures, which may 
be very fully resolved. Until recently, however, those spectra had contributed 
very little to the study of isotropic effects, for with a given pair of isotopes 
the hydrides yield the smallest displacements. The position has now been 
completely changed by the discovery of an isotope of hydrogen, viz, deuterium. 
The large ratio of the masses, 2 : I of the atoms of these isotoj)e8 yields dis- 
placements far greater than those obtained with any other pair of isotopes. 

Johnston and Dawson (1933) photographed the OD bands obtained 
from a discharge in water containing 35% of heavy water. Johnston (1934) 
compared some results obtained from the unpublished data for some of the OD 
bands with Van Vleok’s theory. Later on Shaw and Gibbs (1934) reported 
that they hod photographed the OD (0,0) and (1,1) bands but their analysis 
has not, so far, appeared, 

Expbeimbktal. 

The discharge tube is shown in figure 1. The capillary was about 10 ems, 
in length and 3 mm. in diameter. The tube which was made of glass was 
immersed in a water tank to prevent it from being overheated. The bulb C 
containing heavy water was connected to a tube near the capillary. 

The heavy water was obtained from the Imperial Chemical Industries 
Limited and was 99*2% pure. 

The oylindrioal electrodes were connected to a d.c. generator and the tube 
run at about 1200 volts and | amp., the products of decomposition being 
continuously pumped out. 

The band was photographed in the 4th order of a lO-foot concave grating 
at the Imperial College of Science, London, and the time of exposure was 
about three hours. 

VOL. 4. 


[Publisbed Deoaixibor 17tb, 1987. 
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Mea-surements were made by oomparieon with the iron arc, Iron standards 
were taken from the Transactions of the Intemafionai Astronomical Union, 



Fio. 1. Discharge tube used in the production of the spectrum of OD» 

4 (1932) supplemented from Kaymr Handbiwh der Spectroakopie, Vol. VII. 
The dispersion of the grating is about 1*3 A/mm. 


The 8T»ncTtrBB of the Band. 


The band shows two heads and is degraded towards the red. It resembles 
the OH band at A 3064 analysed by Fortrat (1924) except for the contraction 
of the branches on account of the heaviness of deuterium as compared with 
hydrogen. This isotopic contraction is well marked in the case of branch 
which stands out alone and is not mixed with other branches as shown in 
fig. 2. 



Fra. 2. An^dargemant £h)m a plate taken in tfae lh^ oi^ of a 10^ 
showing the ^JSgl branebea of the (1)^^ bands 
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The energy-level diagram shows the transition for the 12 branches, all 
of which have been recorded and are shown in fig. 3. 



Fxa. 3. An energy-level diagram for a transition showing tlie hranehee of 

the handed 

The <)i> bands, like those of OJBT, are attribated to the traneition 


*2:*+w 
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The band with its branches is shown in hg. 4, 



concave grating showing the A3065 hand of OD and its branches. 


M* lailAQ : THE (0,0) BAND OF Ob . 
TRANSmOKS AND TbRM VaDUBS. 
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The transitions are derived by the help of the selection rules 
A*/“0,±^ and+?± — 
and are shown in the energy-level diagram. 

T\ and T\ represent the rotational energy of the upper sta te, 
and represent the rotational energy of the lower state. 
The transitions are given below. 


1. 

Iix(K) 

=T\{K+i) 

-T’UK) 

2. 

QxiK) 

==T\(K) 

-T\c(K) 

3. 

I\(K) 

=T\{K-\) 

-3’'„,(A) 

4. 

%t(Al 

= T\(K+-2) 

~T\AK) 

5. 


= 3”,(^+l) 

-T\dK) 

0. 

'^PniK) 

=^T\(K) 

-T’iAK) 

7. 


= r,(/?+l) 

~T\AK) 

H. 

QiiK) 

= T'^{K) 

-T\(K) 

9. 

PziK) 

=2VK-1) 

-3’V(A') 

10. 

''PiiiK) 

^T\(K-2) 

-T\{K) 

11. 

%t{K) 

»r,(A'-l) 


12. 


*3”, (A) 

-T\AK) 


Rotational Term JJiffekences for the state. 

The initial state has the eharactoristios of a state. It consists of a 
set of rotational levels each split up into two levels. The relative displacement 
of these levels is very small. This state falls under Hand’s case h. 

The rotational term difierences 

A % r { K )^ F \ K +\)-- r ( K -\) 

t. 

are obtained from the following ijoinbinations 

These are shown in table I, 

The rotational constants for this state are calculated using the rotational 
energy funotSoQ 

whence 

i^^r{K)^{4.K^2) [H',+2i)yir*+ir+i)+ 


1 
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The term differences are well represented by the above energy function with 
the values of i?'*, and Z>'„ thus calculated. The values of the rotational constants 
are shown in table V, 

Table I. 

Rotational term differences for the State, 


K 


H8(Jf+l)-T8(K4-l) 

1 

90-08 b 

00*11 

2 

126-43 

126-18 b 

3 

162-57 

162-20 6 

4 

108-31 6 

198-25 b 

6 

233-45 h 

233-62 

6 

260*35 

269-00 

7 

304-88 

304-42 

8 

330*75 

330-36 

0 

374-26 

374-28 

10 

408*81 

408-64 

n 

442-67 h 

442-31 6 

12 

476-87 

476-66 

13 

510-44 

510-06 

14 

643-47 

643*19 

16 

676-80 

.... 


h indicates that the difference is derived from blended liikes. 


Rotational Tbhm Diffebrnobs for the ^/I state. 

The final state has the characteristics of a ®/3 state, the two heads corres- 
ponding to the two sub-states *i7i| and ®/7| separated by 139-5 cm*"' * Each 
sub-st/ate has a set of rotational levels which are split up into two close 
component levels due to .d-doubling. This state is intermediate between 
Hund's cases a and 5. 

The rotational term differences \ 
are evaluated from the following combinations : 

These »pe shown in table II. 
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Table II. 


Jiolational term differences for the state. 



^/ 7 jj iitate 



Mil 

K 


QiiK)-Pi(K + i) 


Qt(K)~Pi{K\-i) 

1 

46-29 

46-20 6 

30-88 h 

31-65 

2 

65-22 

64-90 

52-18 

52-69 b 

3 

. 84-48 6 

88-88 

72-80 

78-10 6 

4 

108-01 

102-08 b 

93-21 

93-77 

5 

122 05 b 

120-74 b 

113-69 6 

114-22 

6 

141-20 

140-02 

183-52 

134-30 

7 

1 00-25 

158-86 

153-52 

154-07 

8 

179-52 

177-35 

173-46 b 

173-62 

9 

198-77 6 

195-97 

193-12 h 

193-25 h 

10 1 

217-55 1 

214-49 b 

212*42 6 

212-21 b 

11 

220-79 

232-98 

231-91 

131-89 

12 

255-11 b 

251-08 

250-54 b 

249-96 

13 

274-17 

269-31 

270-07 

268-61 

14 

202-97 

287-27 

288-68 

286-88 

15 

311-25 

304-55 

307-28 


16 

329-75 


826-75 


17 

347-61 b 


843-84 

.... 

18 

865-57 


361-23 b 

.... 

19 

383-23 


377-59 


20 

400-55 


393-39 


21 

418-03 


408-82 


22 

435-09 


422-46 


28 

451-68 





6 indioatofi) that tho difforouoo is tierivad from blended lined. 


The {iifterenoe between the values of 
aie a measure of the yl-doubling , for 

wi 28 d<^ir+i), say. 

The qttatitity Bj,, is thus the mean of the A-doubling in the levels 

y(ir+l) and JP(jr). Its valaes are shown in table III. 
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Table III* 


A — Doubling, 


K 


fttate 

1 

0-00 ft 

40*39 ft 

2 

^ 0-16 

+ 0-26 h 

S 

ft 

\ + 0-16 5 

4 

^ 0-49 ft 

40*28 

5 

- 0-65 ft 

40*27 ft 

6 

-^ 0'59 

40*39 

7 

-- 0'70 

40*28 

8 

- 1-08 

40*08 6 

9 1 

-- 1-40 ft 

40*06 6 

10 i 

- 1*63 ft 

-o n 6 

n ‘ 

- 1*90 

- 0*26 ft 

12 ' 

- 2*01 ft 

- 0*29 ft 

n 

- 2*43 

- 0*73 

14 

- 2-82 

- 0*90 

15 

- 8-36 



b indicates that the values are obtained from blended lines. 

For tho calculation of the rotational oonatants of the state the closed 
formula due to Hill and Van VIeck (1028) has been used. 

,vi-» [(■'+5)‘-<'± j« !‘] 

For a n state /l«sl 

therefore 

W)-« [(j+5)‘-i± j. (j+i)’+|(^-4)]‘]. . . 

Now splitting the formula into its two parts we get 



W,-« [(^+|)‘- i-i{4 (/+>) j'] . . , . ; 

Summiug the^e parts and adding a term containing the aeoond rotational 
constant D, 

J’,(J)+F,(J)-2j3[(J+i)*-l]+2D[(J+i)*-l]*+ 

and taking the first differences, 

The rotational constants shown in table V have been obtained by, the help 
of this equation, 
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mi 


For the calculation of take the difference of the above expressioUH 



therefore 

(5-^)’= I /«*-“! (•'+0’-' !• 

The intervals 

Fi{J) -^F %(J)^Fti(J) 

if the small effects of /1-douhIing in the *J 7 state and spin-doubiing in tlio 
^2 state are neglected . The va.lues of A for each value of J thus calculated are 
shown in table IV. 

Tablk IV. 


Values of A . 


J 

Cm. ^ 

l1 


- 1»»13 

2, 

• 

-i;5«49 



-139-H8 



-139*50 

.5i 


-139*90 

0! 


-139*90 

7i 


-130*65 

8 

\ 

-139*56 

0] 


-139*41 

Mean 

-139*47 


Tabi>k V. 


Bond 

H'v 

/rv 


irv 

ov 

Asoes 

<0,0) 

0020 

-0580x10 » 

9*870 

-0*400x10 ^ 

OH 

A5064 

(0.0) 

1 

16*956 

-2 00x10 S 

18*510 

-1*82x10 » 


Yaia^s for OH ora token from Tanaka and Koana (1935)* 


SXIMMAEY, 

The A3065 band of OD has been photographed in the 4th order of a Khfoot 
ooucave grating. 
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The band like that of OH is the (0,0) band of a tranHition. 

An analysis of the rotational structure has been made and the values 
of the rotational constants determined. 

The values of the rotational constants have been compared with those 
of the corresponding OH band. 


Kkvxibrngbs. 

(1 ) Fortrat, J, de Phy»itfue, 5, 20, (1924). 

(2) mu and Van Vleok, Phya, Het;.. 32. 261, (1928). 

(3) Johnston and Dawson, Phys. Hav., 44, 1031, (1933). 

(4) Johnston, Phy$. Rev,, 45, 79, (1934). 

(6) Shaw and (libbs, Phys. Rev., 45, 124, (1934). 

(6) Tanaka and Koana, Proc. Phyaico-Math. Soc. Japan, IS, 272, (1933). 


K 

Rx ' ! 

i 

1 Q\ 

^-1 

* 

V Vac, 

% 

p Vac . 

i 

¥ Vao. 

1 

II 

32582-67 i 

3 

32S47-00 

4 

32628-49 

2 ' 

■1 

590-79 

86 

536-38 

26 

6(K)-71 

3 

■1 

697-91 * 

66 

526-67 

5 

471-48 

4 

n 

32604-31 i 

46 

613-43 

5 

441-74 

5 


609-71 

5 

501*30 

5 

411-40 


4 

614-01 i 

6 

487-66 

56 

3A0-66 

7 

4 1 

617 02 ' 

5 

472-81 

6 

347-64 

8 

6 

618*83 1 

^ : 

468-77 1 

6 

313-96 

9 

3 

flji»17 

5 

489*31 j 

2 

279-42 

10 

4 

617-60 

66' 

420-40 

4 

243-34 

a 

3 

8U-72 ‘ 

4 

400-05 

4 

206-91 

12 

45 

60fl'71 j 

3 

377-93 

4 

167*07 

13 

4 

603-72 

6 

354-60 

5 

126-85 

14 

4 

32695-73 

4 

329-55 

3 

085-29 

15 


585-75 ! 

3 

302-82 

4 

042-28 

10 

8 i 

574*07 1 

6 i 

274*60 

3 

31998-27 

17 


660-09 

4 

244-32 



18 

m 

544-87 1 

3 

212-48 



19 1 

2 

526-60 j 

3 

178-80 



20 * 

1 

5 

506-51 1 

it ' 

143-32 




2 I 

484-87 

i 

3 j 

106-02 




4 ! 

460-79 

a 1 

066-84 




4 j 

434-50 

3 

025*70 





406*08 

3 

31982-82 


|- . ■ '■ ■■ 


3 i 

375-31 




■ ■ * 


5' 

342-29 






3 

306-83 






4 ; 

269*12 






3 1 

228-06 






1 

186-10 





31 

1 

140-86 
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K 


Qa 

1 _ 

i 1 

t/ Vac. 

i 

V Vac, 

t 

V Vac. 

1 

2 

33461-28 

5 

32415-62 

3 

32307-36 

2 

3 

474-08 

66 

420*40 

6 

383-07 

a 

4 

493-80 

4 

421-90 ' 

76 

367-71 

4 

4 , 

5JJ-00 

4 

421-09 

76; 

348-80 

6 

66 

1 

525-67 

5 

417-70 

4 

:i27-32 

0 1 

4 

637*10 

5 

411-88 

3 

303*57 

7 

6 

546-67 

6 

403-67 

4 

277-58 

8 ' 

4 

654-()2 

5 

303*15 

4 

249-60 

1 ) - i 

3 

558-88 

56' 

380-56 

4 

219-53 

10 

3 

661-50 

56 

365-76 

4 

187-31 

1 

1 

3 

603-09 

1 

76, 

340 17 

4 

153*55 

12 ! 

26 

560-09 

4 ■ 

330-18 

4 

117*78 

13 ' 

3 

566-88 ! 

6 1 

300-56 

3 

080*22 

14 

3 

551-00 j 

4 1 

286-81 

3 

040*96 

15 

3 

543 12 

5 

262-32 

3 

31990-03 

16 

3 

633-10 

3 i 

235 84 



17 

4 

520*84 

4 

207-35 



18 

86 

505-85 

' 5 

177-00 



10 

2 

488-03 

. 4 

144-62 



20 

2 

467-63 

5 

110-44 



21 

1 

444-38 

4 

074-24 



22 

3 

418-35 

3 

036-06 



23 

0 

1 380-10 

3 

31005-80 



24 

1 

1 357-06 





25 

0 

i 

322-36 






SATBLLtTKS. 


K 


"q»i 



t 

V Vac. 

1 

y Vac 

i 

V Vac. 

■1 ' 

a 

32630-77 


.1 



2 

4 

662-48 

4 

326^36 



d 

. 3 1 

687-49 

4 

607-42 ! 



4 

S6i 

83711-61 


.... 

46 

32513-43 

6 

36 

784-68 

4 

600-03 

26 

500-71 

« i 

3 

766-21 

46, 

613*21 

i 

487-00 

7 

3 

776-63 

3 

616-20 

2 

472-00 

8 ! 

2 

706*37 


■ * . • 

2 

455-70 

9 1 

2 

32312-68 


• • . 4 

2 

438*18 

10 ! 

1 

828-20 




.... 

11 

1 

842-06 

46 

618*21 

1 ' 1 

308*66 

12 

0 

864-00 


4 * 4 « 

2 

376*60 

IS 

0 

868*64 


. * 4 • 

■ 1 ■ 

363-16 

14 

0 

871*76 

1 

1 608-90 

4 

327-86 

16 

0 

877*42 

1 0 

1 683-83 

0 

301*16 

IS 



■■ 

1 

671*88 
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K 


1 P 

1 Qn 

\ 

"/’l2 









i 

V Vw. 

i 

V Vac. 

i 

V Vac. 

\ 



0 

32397*83 


' 

iJ 1 


i 



5b 

32365-76 

a 

4 

1 32422*42 



3 

331*91 

4 


.... 

l/> 

30()-31 

3 

205*26 

5 





4 

256*08 

e 

2 

41269 1 

1 

804*41 

2 

214*51 

7 

2 i 

404'G2 1 

2 

278.41 

2 

170*60 

8 

1 i 

394*08 

2 

250*42 

2 

124*87 

9 

2 ; 

asi-ss 

3 

220*38 

3d 

077*13 

10 

0 1 

366 96 

2 

188*66 

2 

027*48 

n 

lb 

360'31 

2 

154*67 

1 

31976*21 

12 


* 9 * • 

2 

118*97 



13 

0 

31117 

1 

081*86 



14 

1 

288*47 

2 1 

042.62 



Ifl 

0 

264*03 

1 1 

001*61 



16 

0 

237*89 
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Catalog tiK or Wave NimBicas.* 

All lines which have been meannred are included in the Catalogue. 


V Va<‘. 

i 

/?21 ^21 

32877'42 

0 

15 .. 

871-70 

0 

14 

863*54 

0 

13 

854-09 

0 

12 

842-05 

1 

n 

828-20 

I 

!0 

812-58 

1 

0 

795-37 

2 

8 

776-63 

o 

7 

756-21 

3 

i] 

734-58 

3 

5 

711-51 

3 

4 

6N7'4H 

3 

3 

662-48 

4 

2 

636-77 

3 

T 

619*17 

3 

0 

618-83 

6 i 

8 

617-60 1 

4 

10 

61702 ! 

4 

7 

6 J 6-20 1 

3 

7 

614-72 

3 

n 

614-01 

4 

6 

613-21 , 

4 

0, M 

610-21 

4 

. . . . ♦ t 

(K)9-71 1 

4 

5. 12 

609-03 1 

4 

5 

604-31 i 

4 

4 

603-72 

4 

13 

603*30 1 

1 


597-01 ^ 

4 

!! 3 . ! 

607-42 

4 

3 

605-73 

4 

14 

693-00 

1 

14 

602-91 

1 

. . . . - * 

600-79 

4 

2 


* This methoU of dosignation of each branch at tho top of the column and K values 
opposite Mie iippropriate wave-numbers was first adopted by mo in IVoo. 8oc. A, 
IW, no. (1037). 
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V Vao. 

i 

fli 


<?i 

/*! 

i?2 

32ni»0-35 

4 


2 




587*89 

1 






683-70 

4 

is 





688-83 

0 


is. 




582*96 

2 





. * 

582*67 

4 

1 





677*41 

1 




. , 


574*07 

3 

16 


• < 

, . 

, , 

571*88 

1 


ik 




569*84 

1 





. . 

568*72 

1 






566*33 

J 






664*75 

1 



^ . , 



662*09 

3 




, . 

ii 

S61-00 

2 


.. 


** 

' 10 

660*61 

2 






560*09 

2 

11 




12 

558*88 

3 





9 

557*28 

1 




V * 

, . 

556*86 

3 


• * 


* • 

13 

554*40 

i 1 

1 





554*02 

4 





*8 

661*00 

3 


f • 

1 

1 ^ ^ 
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Sixth Ordinary (General Meeting. 


Tbo Sixth Oni inary Gen(?ral Meeting of the National Institvito of Sciences 
of India was held in the Auditorium of the All- India Institute of Hygiene 
and Public Healthy Calcutta, from 11 a.m. to 4-30 p.m. on the 27th and from 
10 A.M, to 4-30 P.M. on the 28th August, 1937, with an adjournment for lunch 
from I P.M. to 2-30 p.m. on both the days. 

The following Fellows were present : — 


Prof. M. N. Saha, PreMen>t, in the Chair (on the 27th only). 
Brevet-Ool. R. N. Chopra, Vice^Pre■eident. 

Sir IT, N. Brahma<jhari, Additicmal Vice -Presift eni. 

Rai Bahadur Dr. S. L. Bora, Honorary Treasurer. 

Or. B. Proehad, Editor of Puhlicatums. 


Mr, 0. C. Colder (on 27th only). 

Dr. H. Ohaudhuri „ 

Dr. B. N. Chopra. 

Dr. A. L, Goulson (on 27th only). 

Prof, S. Datta „ 

Prof, J. ahosh 

Dr. B. S. Gidia 

Dr. K. V. Kriahiuwi 

Dr. M, 8, Krtshnon (on 27th only). 

Prof. S. P, Agliarkttr 
Dr. A, M. Heron (on 2' 
only). 


Dr. R. B. Bal. 

Dr. S. C. Law (on 27th only). 

Prof. J. N. Mukhorjoe (on 27th only). 

Pn>f. P. NtH>gi. 

Prof. N. R. Sen (on 27th only). 

Kao Bahadur T. 8. Tirumurti (on 28th only). 
Dr. A. C. Ukil (on 27th only). 

Mr. D. Wadia 
Mr. W. D. West 

Honffrary Secretaries. 


In the absencse of the l^osident, Brevet-Col. R. N. Chopra, Vioe-Pnjsidcnt, 
took the Chair on the 28th August. 

BesideB the Fellows there were about (M) and 45 visitors present on the 
27th and 28th August respectively. 

The following Fellows had iiitimatoJ their inability to attend — 

Prof. R. P. Paranjpyo, Dr. F. G. Poroival, Lt.-Col. H. E, Shortt and Sir Gorald 
Trevor. 

The following Urdiixary Fellows were admitted a« Ftdlows as per Rule 13 : — 
Prof, jr, Ghosh. Dr. li. B. Lai. Dr. A. C. DkiJ. 

Dr. M. 8. Krishnan, Dr. 8. C. Law. 

The Secretary reportoi that the Osraania University, Hyderabad (Decwin) 
had sanctioned a grant of Rs.SOO |)er annum for two years to the National 
Inatitnte and that the Government of India has sajujtioned a grant-in-aid of 
R8.8,Q00 pbr annum from 1937-38 financial year. 

Hie following papers formuig part of a B 3 m[iposium on the malaria problem 
in India were read and disoues^ 

Therapeutics of ofitimalarial drugs. By B. N. Chopra. 

2, Urban malaria in the Um By A. C, Banerji. 
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3. Mf^thods of forecasting malaria epidemics. By B. B. Lai. 

4. Malaria in Portuguese India. By Froilano de Mello. 

5. Physical factors in mosquito ecology. By R. Senior White. 

0. Irrigation and malaria. By W. C. Sweet. 

7. Flood and flush schemes in Bengal, By T. A. Cturry. 

8. Surface and subsoil drainage. By F. C. Griffin. 

9. Irrigation and malaria in Madras Presidency. By S . G . Masillamani , 

10. Topography of land in relation to malaria. By M. 0, T. Iyengar. 

11. AmpheXe» hidlowii survey in and around Calcutta. By P. Sen. 

12. Malaria and its relation to agriculture in India. By G. C. 

Chatterjee. 

13. Antimalarial operations in Delhi. By M. K. Afridi. 

14. Control of anopheline breeding in irrigation channels by Paris 

green. By B. A. Roo, 

15. Drug prophylaxis in malaria by the use of quinine and plasmoquine 

in the field. By J. D. Sinha. 

Ifi, Spleen and resistance to midaria and hsemoglobinuria. By K. V. 
Krishnan. 

17. Mosquito control in Calcutta. By K. L. Ohowdhury. 

18. Larvivoroufi Fish. By G. C. Chatterjee. 

19. Larvieidal Fish. By S. L. Hora. 

20. Experimental studies on ape malaria with referentie to its use 

in therapy for nervous conditions. By B. N. Chopra, B. M. 
Das-Gupta and B, Sen, 

21. Pharmacology of plasmochin with special reference to its action in 

pregnancy, By B. B. Dikshit. 

22. Bioohemioal changes in the blood of monkeys developing malarial 

hasmoglobinuria and their significance in the aetiology and treat- 
ment of blackwater fever in man. By K. V, Krishnan and 
N.G. Pai. 

23. Transmission of P. inui to man. By B, M. Daa-Gupta. 

24. Natural iiarasites of mosquitoes in India. By M. O. T, Iyengar. 

25. Observations on the nutrition of Farwkmc foa^icha^. By S. L* 

Hora and K. K. Nair, 

26. Observations on the bionomics of Panrliax panchm. By A. G. 

Fraser. 

27. The development of bird malaria parasites in endothelial cells, 

ByH.N.Roy. 

28. Balt water roaai a malaria carrier. By D. N. Boy. 

29. The pathology of malarial spleen. By M. If. 

Hccotmt of the Symposium will be publkhed in the 
due course, . 



Seventh Ordinary General Meeting. 

The Seventh Ordinary General Meeting of the National Institute of Sciencios 
of India was held at 2-30 r.M. on Baturday, the 6th November, 1037 in the 
Physics Lecture Theatre of the University of Delhi. 

The following Fellows were present : — 

Prof. M. N. Saba, Preuhlent (in the ebair). 

I^rof. S. 8. Bbatnagar, Vioe-Prettideftf. 

Sir Bryt-o Burt 
Prof. J. 0. (ibosit. 

Khan Bahfuiur M, Af'zftl Husain. 

Dr. S. Krtahua. 

I)r. D. 8. Kothari. 

Prof. J. N» Ray. 

Kao Bahadur B. Viswanath. 

Prof. S. P. Agharkar, Honorary i^earetaty. 

Besides the Fellows there were about 50 visitors present. 

The minutes of the last Ordinary General Meeting, held on the 27th and 
28th August, 1937, at Calcutta, were read and confirmed. 

The Secretary announced that since the last Ordinary Gfmeral Meeting? 
news had been received of the death of the following Honorary Fellows : — 
Prof. Albert Heim on the 31st August, 1937, 

Lord Kutherford of Nelson on the 20th October, 1937. 

On the motion of the President the following resolutions were pastwMl by 
the meeting, all present standing : — 

(i) The National Institute of Sciences of India places on record its deep 
sense of sorrow and loss to Science owing to the death of Prof. Albert Heim, 
one of the Honorary Fellows of the Institute, wliich took place at Zurich on the 
3lst August, 1937. 

(ii) The National Institute of Sciences of India place on rfjoord its deep 
sense of sorrow and loss to Science owing to the death of the great physicis 
Lord Hutherford of Nelson, one of the Honorary Fellows of the Nationa 
Institute, which took place on the 20th October, 1937. 

The Secretaiy announced that the following had lieen elected Ordirmry 
Fellows of the National Institute : — 

Prof. Y. Bbaradwaja. Prof. M. K. Siddiqi. 

Prinoipal B. L. Bhatia. Prof. A, 0. Sircar. 

Prof, G. R. Paranjpe. Dr. M* B. Soparkar. 

Dr. H, Brinivasa Hao. Hon'ble Sir Shah M. Bulamian. 

Dr. K. Bangadbanna Hao. Cob F. C. Temple. 

Sir Shah Sulaiman who was present as a visitor was admitted as an Ordinary 
Fellow under Rule 13 and signed the obligation. 
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The Secretary announoed that the following had been elected Honorary 
Fellows of the Institute : — 

Prof. Ludwig Diels. Prof. Hobert Kobineon. 

Sir tTanios O. Frazer, Dr. C, M. Wenyon. 

The proposed change in Kule 1(b) was considered, in view of the opinions 
expressed by Fellows. It was resolved to agree to the change being made, 
with the addition of the words ‘ not more than * before the ‘ number of 
vacancies \ etc. 

The Secretary was authorized to refer the alteration to the votes of Resident 
Fellows as |)er provisions of Rule 78. 

The following pa|)erH were read : — 

(1) The 0-0- Band of OD. By M. Ishaq. (Communicated by Prof. 

M. N. Saha). 

(2) The Theory of Liquids. By T. S. Wheeler. 

(3) A study of the behaviour of some common varieties of sugar-cane 

in reference to the attack of borers. By H. S. Pruthi and E, S. 

Narayanan. 

(4) Joule-Thorason effect and adiabatic changes in degenerate gas. 

By D. S. Kothari. 

(5) The chemical fixation of nitrogen at low temperature and its signi- 

ficance in agriculture. By B. Ramamurty. (Communioated 

by Rao Bahadur B. Viswanath.) 

(6) The propagation of electromagnetic waves through the Atmosphere. 

By M, N, Saha and K. B. Mathur. 

(7) Joule-Thomson expansion of a non -degenerate gas. By B, N. 

Srivastava. (Communicated by Prof. M. N. Saha.) 

Mr. Larola of the Delhi University thanked the National Institute for 
having met at Delhi and chosen the University as the meeting place. He 
expreeSW the view that the National Institute should meet more often in 
different seats of learning and encourage local workers. The P^sident thanked 
the Delhi University for permitting the meeting being held in their premises. 

With a vote of thanks to the chair the meeting terminated. 

After the meeting Sir Shah Sulaiman entertained Fellows to tea at his 
residence, 8 Albuquerque Road, New Delhi. 


CAnouTTA by the Katioiud Institute of SeUriooea oC 

and Printed by F. KnighVl^tisi Hiai^ Fieiw^ 4X^ 
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